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ADVERTISEMENT. 


The Committee appointed by the Royal Society to direct the 
publication of the Philosophical Transactions , take this opportunity 
to acquaint the Public, that it fully appears, as well from the 
council-books and journals of the Society, as from repeated de- 
clarations which have been made in several former Transactions, 
that the printing of them was always, from time to time, the 
single act of the respective Secretaries, till the Forty-seventh 
Volume : the Society, as a Body, never interesting themselves 
any further in their publication, than by occasionally recom- 
mending the revival of them to some of their Secretaries, when, 
from the particular circumstances of their affairs, the Transactions 
had happened for any length of time to be intermitted. And 
this seems principally to have been done with a view to satisfy 
the Public, that their usual meetings were then continued, forthq 
improvement of knowledge, and benefit of mankind, the great 
ends of their first institution by the Royal Charters, and which 
they have ever since steadily pursued. 

But the Society being of late years greatly enlarged, and their 
communications more numerous, it was thought advisable that a 
Committee of their members should be appointed, to reconsider 
the papers read before them, and select out of then! such as they 
should judge most proper for publication in the future Transact 
Horn ; which was accordingly done upon the 26 th of March, 
1752. And the grounds of their choice are, and will continue to 
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h€t imp©rtaiice and singiilarity of the aubjeet% or tke 
t^eous manner of treating them ; without pretending to answer 
for the certainty of the facts, or propriety of the reasonings, 
contained in ttie several papers so published, which must still 
rest on the credit or judgment of their respective authors. 

It is likewise necessary on this occasion to remark, that it is 
an established rule of the Society, to which they will always 
adhere, never to give their opinion, as a Body, upon any sub-^ 
ject, either of Nature or -Art, that comes before them. And 
therefore the thanks, which are frequently proposed from the 
Chair, to be given to the authors of such papers as are read at 
their accustomed meetings, or to the persons through whose 
hands they received them, are to be considered in no other light 
than as a matter of civility, in return for the respect shown to 
the Society by those communications. The like also is to be 
said with regard to the several projects, inventions, and curiosi* 
ties of various kinds, which arc often exhibited to the Society; 
the authors whereof, or those who exhibit them, frequently 
take the liberty to report, and even to certify in the public 
news-papers, that they have met with the highest applause and 
approbarion. Arid therefore it is hoped, that no regard will 
hereafter be paid to such reports and public notices; which 
in some instances have been too lightly credited, to the disho- 
nour of the Sociisty. 
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Read June 17, 1824. 

Xn tbe paper on the diurnal deviations of the horizontal 
needle when under the influence of magnets, which the 
President did me the honour to present, I stated that these 
deviations were partly the effects of changes that took place 
in the temperature of the magnets ; aiid that although the 
conclusions which I drew from the observations respecting 
the increase and decrease of the terrestrial magnetic forces 
during the day would not be materially affected, it was my 
intention to undertake a series of experiments for the pur- 
pose of determining the precise effects of changes of tempe- 
rature in the magnets, so as to be able to free the observa- 
tions entirely from such effects. 

These experiments were immediately made ; but I was in- 
duced from some effects which I observed, to cairy them to 
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a grater extent, in the scale of temperature, than wa| neces- 
sary for the object ha4 atfimt iii vie#. In consequence 

of this, and the length of die calculations into which I have 
been obli^d to enter, the accomplishment of my purpose 
vrzs delays for a considerable time, and cchtinued indispo- 
sition has since prevented me, until now, completing the 
arrangement of the tables of results. 

In the present paper, I propose to detail the experiments 
which I made in order to determine the eflfect of changes of 
temperature on the forces of the magnets, to the extent to 
wWdi I observed their temperature to vary, during my 
observations on the diurnal changes in the direction of the 
needle, when under their influence ; to apply the results 
which I obtained to the correction of the observations them- 
selves, thereby accounting for the apparent anomalies noticed 
by Mr. Barlow and myself, in the observations made in 
doors and ki the open air ; and by means of these corrected 
observations, to point out the diurnal variations in the ter- 
restrial magnefle int^sity. 

-it Imd been my mtention to determine purely from obser- 
vMiofe die rpoitjdi of the arc of deviation due to the changes 
which I. notion in the temperature of the magnets; but I 
that this depended so much on the situation of the 
point at whi^ the needle was held in equilibrio by the ter- 
forces and those of the magnets, that it would hardly 
be posable to deternune how much of this portion was due 
tnthe extent of the dumge of temperature, or the degree of 
temperature where the change psiok .place, and how much to 
thaaaimutb of the needle, when aflfected by this chai^. I 
was under the necessity of having reemarse to 



t]^> wliib is ouost 

gm^aMy '^m that Ae f<M?€es wto& tmb 

^i^it up©a cme^^othsr may be ref^^ to t^ oiajtr^; ^ 
poles in ^ch^^weia’ their xeifi©3t^ an^th^Joreithtet 

fiole m one of theinagnets, oi^ pole of the c^er is 

tirgeii towards it> and tte o^er from it, by Smx^vwrymg 
inversely as the squaresiof t^r resf^ttive ^tar^s 
that pok. Of theooTOoOi^s c€ this theory of the m^mi of 
<m& magnet open another, the conclusicHis which f isErech- 
tained have given me no reas<m to doubt. 

In the observations on the diurmd cbangei in the posMcsis 
of the points of equilibrium at which the pole of the 
was retained by the joint action of two nmgnets and the ter- 
restrial magn^sm, where I noted the changes ^at took 
place in the temperature of the magnets, to which observa- 
tions I have alluded near the ocmdusion of my former fmper, 
two magnets, as in several of the preceding observations, 
were placed, with their axes in the magnetic meridian, on the 
same horizontal table as the compass, at equal distances from 
the centre of the needle, one towards the north, the other to- 
wards the south, the north pole of each magnet being towards 
the north ; and their distances from the centre were such, that 
the points of equilibrium were nearly 180®, or south, N, 80^ 
E. and N. 80° W. To determine here the changes that would 
take place in the situation of these points from changes in the 
force of the magnets, arising from a variation of their tempe- 
rature, it was first necessary to determine the changes in the 
forces themselves, arising from certain variations of the tem- 
perature of the magnets, by observing the correspondmg 
changes in the direction of the needle. 
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1^0 aqua^cm requii^e for iSm tike tiie 

cm^e of n^le m the os-i^a rf lie r^ingolar eo-oi#- 
imtes^ the axis of the x’s beiag in the magnetic 
Let X and he tte oM^rdlnates to the south pole of tiie 
needle, ^ bdng measured towards the north, and j towards 
the westt also, let r be the distance of either pole of 
needle from its centre ; p the distance of the poles of each of 
the magnets from their respective centres ; and R the distance 
between the centre of the needle and the centre of either 
magnet. For the sake of expressing clearly and concisely 
the distances between the poles of the needle and those of 
the magnets, we will indicate these points as follow : 
s, the south pole of the needle ; that is, the pole which, when 
the needle is freely suspended, points towards the north ; 
n, the north pole of the needle ; 

, the south pole of the magnet which is to the north of the 
needle ; that is, its pole nearest to the centre of the needle ; 
, the north pole of the same magnet, or its pole which is 
furtJwst from the needle’s centre ; 

the south pole of the south magnet, or that pole which is 
furthest from the centre of the needle ; 
the north pole of the same magnet, or that pole which is 
nearest to the centre of the needle. 

Now resolve the terrestrial magnetic force acting on the 
north arm of the needle, in the line of the dip, into two ; one 
horizontal or in the direction and the other vertical : and 
let the horizontal force be M. Also, let the force with which 
a pole of the needle is repelled from the pole of the same 
name of either magnet, or attracted towards that of a con- 



t3*ary mme at the unity of diatanee, he Ft Aen ti^ forces 
acting mi the sooth pole of the n^tdie will he, 

M in tfe dir^^on x; 


> — I - in the directicm 

in the direction s 
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F 
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» in the diredion S ¥, 
in the directicn s v 
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The north pole of the needle will be urged by forces equal 
and parallel to these, but in contrary directions ; so that in 
investigating the conditions of equilibrium of the needle, we 
may consider only the equilibrium of the south pole urged 
by forces double of the preceding, and constrained to move in 
a circle ; and it is evident that the equation of equilibrium 
will be the same, whether we take these forces, or the doubles 
of them. 

Resolving these forces into others in the directions x and y, 
calling X the sum of all the forces in the direction a?, and Y 
the sum of all the forces in the direction y, we shall have, 

X = M — F \ — jL±ir:f — 


{^*^y {s^^y ^ 


1 


:F. 


^ {siT^y 

The general equation of equilibrium for a point acted upon 
by forces in the same plane, and constrained to move in a 
curve whose equation is L~o, is 

Xdx + Yi/y+x^fL^o. (i) 

From this we obtain 


X + x. 


whence 


£L 
4x 

X d tt 

dy 


: o, and Y -J- 


dh 

dy 


Y. 


£L . 
ds 
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Tk I# ^0 kiiv tte 

and consequently ~ = 2 ^ =s ay. 

Th^ epation { 2) thereftH-e becomes 
Xy-Yx = o. 

Substituting in this equation the values previously found for 
X and Y, and dividing by y, we obtain 

Let be the angle which the axis of the needle makes with 
the meridian, or the azimuth of the point of equilibrium, and 
we shall have, 


(A) 


(fjj)*=(R-f)’+»^— *''(R-f)<»s. f ; ls»^)‘= (R— f')’+’^+ 2 #-?) ■ 
(jyJ’=(R+(’H''— 2 ''(R+p)“s.f; (i ff,)’=(R +?)'+'■’+ 2 '■(R + f) cos. If. 
Substituting these values in the quation (A), it becomes, 


r R-f .r 

* -I- ' - - 1 

!(»-() +>*1“ 1 
^1- 1 

* -{- - . ‘ -j f 


f 1 ~ -HS-M. . cos. 4 ~ ! I + / " , . cos, p 1 ” f 

( (R+f)*+r* i + 


From this quation the value of F in terms of M may 
be found for any values of p, the distances R, r and p 
being known ; and if we supqse M constant during the 
observations, the variations in the intensity of the force F 
may be obtained from the observed variations in the value 
off. 

If the angle f does not differ from a right angle by more 
than 10® or even 20®, by expanding the several fractos, no 
sensible error will arise by limiting the series to a few of Ae 


(B) 
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^ msignetie fmes^ 


firs* terns, and we shall in th^ eases thus c^btain a im»^ 
more mmemesnt equation for eomputatbn. 

— , ass 1 + "I* . a COS. f + f 

(I— «cos*f)* 

+ fitiH "* «w->+*c- 

and 


i ^ ass 1 . a COS. ^ 4* OOS.* ^ a® COS.^f 

(l +tfCOS,^) * 

4 - ' I + Me. 

i .^ 4 . -— J =i= 2 + M 4« COS. V + 

(I— «COS. ^J)* (I 4 . 4 cos. 

^ Me. 


J8.COS 


— F. 


So that the equation (B) will become 

{R-, )*+-*{» ( J<R^,)-+r*J 

rc + 3.5.fi5iil^,.cos. 
(, I (R +;)*+>•’ I 


-{(R+p)’- 


4 

.’ 9 j 


neglecting the terms which cemtain the fourth and higher 
powers of cos. <p, 

Taking one of the cases which I investigated, and from 
which the others do not differ very considerably, the valu^ 
of the cb-efRcients of cos. (p in the demominators of tlte frac?- 
tioB^ in the equation (B) are .25691 and .15951 5 so that 
the gr^test of the terms neglected would be 

x(.S 5 ^ 0 i )^ cos.* t and x { . 15951 )* cos.* 

Now, supposing that ^ is 70®, if these terms are employed 
in detennining the value of F, it will be 218.7705 . M, and 
218.S184.M, if they are neglected; making a difference of 
,0479 M, or only affecting the fifth figure in this extreme 
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case. If, iii^eail of expm&g ihe frat^^s, we coanpd^d 
them In tibe fmm wldch tl^y have in the eqnalaon (B), we 
I^n^iy supposed to obtain the d^i^€ values of F 
more nearly than this; although in 'either case the relative 
vdiues would be obtained to a much greater degree of accu- 
racy. In the observations which I made, the values of ^ 
were seldom much less than 8o%.and in such cases the enor 
would be considerably less. In an instance where p was 
8s® 37', the value of F was ssa.s^so M, employing the terms 
containmg cos.* f , and M, neglecting them. Seeing 

then that no sensible error would arise from neglecting these 
terms, I have in all cases made use of the equation (C), for 
determining the values of F, I now proceed to the experi- 
ments which I made for this purpose. 

On this occasion I made use of the same compass which I 
had already used in the greater part of the observations 
detailed in my former paper, and distinguished there as 
No. 1 ; the magnets were also the same that I had used with 
this compass. The length of the needle is very accurately 
6 inch^. In order to determine the distance between the 
points which I ought to consider as the poles of the needle, 
I it at right angles to the meridian ; and bringing 

am>ther ne^ie^ freely suspended, near to it, I moved tlie c5entre 
of this needle along a line parallel to the axis of the first, 
and noted the points opposite to which the axis of the saccmd 
was exactly in the magnetic meridian ; these points I con- 
ai^red as the poles of the first needle. The distance be- 
twe^ the points thus determined was 4.28 inches. 

In my former paper I have stated the length of each of the 
in^iets to be 12 Inches ; more accurately, the length of the 



wii sd itet the leiigtli of 

feadiMght heiakm%> hevaty^ a^ajumtely t i.at fetehesi ftey 
axe .9^ inch wide, and ,375 iiKhddek- in^myc^tofvM^ns 
dfk same magnet was always placed <^ same #Me of the 
centre of the at^le; so that hi i^certalnitig the sitaadOns 
of th^ poles I dh^nguidh out as the i^lh, the as 
the south magnet. Tl^ distances of the pedes of tte magiiets 
from idieir ends, determm^ in the same maimer as the 
needle, were measured m each siife, and a mean of the whole 
tak^ to obtain due distances between the poles ; they ware 
diej^: 



North Magnet. 

' 

South Magti^. 


North Pole. 

South Pole. 

North Pole, 

South Pole. 


0. Ssinch. 
0. 81 

0.86 inch. 
0.86 

0,84 inch. 
0.84 

0. 77 inch. 
0. 76 

Mean 

0.815 

0.86 

0.84 

0.765 


Taking half the sum of these, 1.64. inches, from the length of 
each ma^et, we have 10. s8 lm;hes for the distance between 
the poles. 

A meridian line being drawn cm a firm table, standing on 
a stone flocm, the compass was accurately adjusted on it, so 
that the needle pointed to zero on the graduated circle. The 
magnets were fixed at the bottoms of earthen pans, secaired 
In sudi a way to rect^gular faeces of board that thmr 
poritiems couM not be acddentally changed, and proj^itk^ 
from diese boards were small pieces of brass, on of 
w&h a line was drawn to indicate the posil^ of the axis cd* 
the ; the horizontal distance of the ed^ of ^chofthe 

Moceexxv. ^ C 





to 


Mr. Cmmm m 0m ^ on 

to tli€ li^le the ecdrresp^idmg 
end of ^ magnet was e^cactij s hiohes ; I 

coiiW lh^e^<^re> in any determine aocutatrfy 

Ae dist^ce of ite <^ntie of the magnet fiom that of the 
ne^e. TM ^ ans were placed on the taide, so that the 
ipiexes <m the pieces of hr^ coindded wil4i the maridim 
Hite. Wato was now pour^ into the pans5 and the tem- 
magn^s wi^ varied by vaiyidg^ the fe 
cj; the Water* The,^apemt»re of magnet was 
ais^rmined by a tfiermmneter pkced in the water, with its 
hidh regfog on that j^te of the magnet which was pearest 

’Ih'my'fim'dbseiwati^ I how- 
ever made use cf «mly one thermometer, which was moved, 
during them, from one magnet to the other. In Plate L 
Fig, an apparatus of the same nature, which I subsequently 
made use of, is represented. This differs from that emplc^ed 
ft th^ exj^riments only in having the boxes oontairiing 
the ma^ets made to slide on a ruler, whose axis being in 
tte magnetic meridian, and the axes of the magnets adjusted 
^ ^ boxes also in the meridian, they can be ihaii^iap- 
proach or recede from the needle, in that line, which saves 
considerable trouble in the adjustments when observations 
are to be made at different distances. Fig. s and 3 repre- 
mit the plan and elevation of another apparatus which I had 
constnicted for hfr. Fostee, and which he has taken with 
Mm on the Morth-westem Expeditiofi, to enable him to nmke 
on "tbq daily vmatioii, particularly with a view 
of inaximm. and we^, ^d 

of zeroj dioiild any of die stations at wMdK he may find 
hft^lf be favourable to the ^^yment of such an ^ 
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jp^Eur^s. N, % (Fig. «,) toole the ends erf the instnim^t 
^ be pl^d towards the inagnetic north and south; c, the 
<rf t^ needle; n and s, its north and south 
* north and south paks of the north magnet ; » § , , 

the north and south poles of the south magnet : the magnets 
being fixed on boards which, sliding in grooves, may be 
made to approach or recede from the needle at pleasure. 

In the observations which I first made on the effects of 
changes of temperature, the centres of the magnets were at 
the same distances from the centre of the needle as they were 
during the observations on the diurnal changes in the direc- 
tions of the needle, which it was my object to reduce, and 
which will be given in the conclusion of this paper : this dis- 
tance was ei.ei inches. We have therefore in this case 
R = 21 .31 inches, and, from what I have before said, r ss 2.14 
inches, and § = 5.14; if we substitute these values in the 
equation (C), it will become 

M. — F. (.004690814 + .000829329 cos. =s o. («) 
Observing then the value of (p at any particular tempera- 
ture of the magnets, by means of this equation I could 
readily obtain the corresponding value of F in terms of M ; 
and by varying the temj^rature of the magnets, I obtained 
the variation of the intensity of their forces, corresponding 
to such change of temperature. The observations contained 
in the following table were made thus : I first noted the time, 
which is set down in the first column, and then the tem- 
perature of the north magnet ; after which I placed the ther- 
mometer on the pole of the south magnet : I next observed 
the westerly |K>}iit, at which the needle was held In equilibrio 



Ii|f imm md pf dm $%Wy 

tiNB i^ecdle; that it migM the bi^€^ j aaat^i^ 
tl»^ tme fumtite ; imm das k was led, by meam of a very 
smak mid w^k magnet, held cm the outside of th^ compass- 
hem* mwafds the easterly pc^ut of ^uiUhnom, whidi was 
<d?ae^ved ia the same mmmer ; and from this it was led In 
die same way towards the southerly point, wjbich, however, 
was not observed with an intention of dedudng any thing tiy 
means of the equation ^«), which was not calcplated for such 
a value of o- After these obsw^ations of the points of equi- 
lihrimn, the temperature of the south magnet being observed, 
the time set down in the seventh column, at which the ob- 
servations concluded, was noted. The temperature of the 
water in the iians was now increased or diminished, accord- 
ing to circumstances, by the addition of other water, and the 
p^ms covered over, to prevent any rapid changes of tempera- 
ture during the observations : after allowing a sheut time for 
the magnets to acquire the temperature of the water, the 
observations were repeated. To prevent any ambiguity, 
with regard to the time indicated being morning or evening, 
I have, except when otherwise expressed, adopted the astro- 
nomical division of the day, from noon to noon. The scale 
made use of for the tempa:ature was in all cases that of 
Fahrenheit. 





Tdilt qf the pomtidm of the Pe^s of MquiMru^f corrkspondk^ 
to Afferent Temferoiures of ihe Magnus retaming a Magnetic 
Needle ^eqtdMnia. 6tb June, 18523 . 


Timeof 

commasdi^ 

obsdrmtiot}. 

--yr 

[|*ic 4 nt> of 

of 

Uroeof 

ocmdod^ag 

d) 9 av 8 Jtk»i. 

Mcio^tasibe^ 

xatoreofUK 

w eT 

*0 

U 

S 

in 

Wctt. 

Sast. 

8oti&. 

h. m. 

7 54 

8 lo 

8 

8 jp 

8 52 

9 11 

9 34 

9 53 

$2.0 

59*3 

79*0 

75*0 

7i.o 

^ 7*3 . 

63.8 

6ji^.o 
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Q , 

B6 90 
hio 
yO qi 
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^ 42 
81 50 

0 / 
82 30 
84 50 

74 5 ^ 

75 $4 

77 H 

78 s» 

80 50 
82 16 

1 tiw 

0 IS 

9 12 

9 t2 

0 to 

0 14 

0 18 

0 16 

0 

62 

58.8 

7 ^^ 

73-0 

7^*3 

67^0 

6^.8 

62.1 

h. m. 

8 91 

! *7 

iis ,1 

g 

9 16 

9 40 

10 00 

62^0$ 

S 9 ^ 

77 .$S 

74^^ 

70,65 

67.15 

63.80 

62.05 


Taking half the sum of the easterly and westerly arcs for 
the value of and substituting them successively for <p in the 
equation (a), I obtain the values of ~ corresponding to the 

respective mean temperatures cd* the magnets. These I have 
arranged in the following table; placing in the second 
column the diiferences of the successive temperatures, and in 
tl^ fifth the corresponding difl^nces m the values of n ; 
these, divided by the numbers in the second column, will 
give the variation of the value of n, corresponding tp a 
change in the temperature of the magnets of i® on Fahren- 
heit’s scale : these variations in the values of ^ are contained 
in the last oolumn of the table, and are denoted by A , 
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TtMe the I^easkies emte^mSng to different Tern* 

fferoiuree of the Magnets^ 


IjiapiOE. : 

hi sacc<^ive 

Mtiah of die 
observed values 
off. 

M^oede lo^eii. 
oar values of 
F 

ST’ 

K^ofsucx^ 
sive values dT 
F 

w 

V«%Ukm 

loFUb. 

&.OS 

59.0J 

77.65 
74.00 

70.65 
67.15 
63.80 

62.65 

- 3.00 
418.60 

- 3.65 

- 3 - 3 S 

- 3-50 

- 3*35 

- »*75 

8137 
% ^5 

74 48 

75 

77 *7 

79 04 

80 46 

82 03 

212,5620 

212.9423 

210.6228 

210.9892 

211.417$ 

211.8353 

212.2167 

212,4640 

4 o. 3 to 3 

-2.3195 

+0.3664 

+0.4286 

+0.4175 

+0.3814 

+0.2473 

0.126$ 

0.1247 

0.1004 

0.1279 

0.1193 

0.1138 

0.1413 


The differences in the deduced values of the variation of 
^ for a change of temperature in the magnets of i° in the 

last column, are not greater than we may suppose to have 
arisen from small inaccuracies in the observations, or shght 
changes in the terrestrial intensity during the time in which 
they were made; the latter indeed appear to have taken 
place, since, at the same temperature, the value of ^ was 
8 s® sf at the beginning of the observations, and 8 s® os' at 
dieir condusionu The value o.is 47 deduced from the ob- 
servations at the temperatures 59.05 and 77-^5 I should con- 
sider as nearest the truth, since whatever may have been the 
errors, the divisor is here larger than in any other case ; and, 
in taking a mean, this value should be taken with the mean 
of all the others : the contrary may be said of the value 
0.1413, which should have only half the weight of any of 
the others. I therefore first take in this manner the mean 
of all the values excluding 0.1247, and then the mean of this 
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mean and 0;is47, and I thus get ,ias^6 as the mean variatioii 
of the intensity of the magnets for a change in their tempe- 
rature of 1®, between the temperatures 59.05 and *77^$, an 
increase of temperature always causing a decrease of inten- 
sity, and vice versa. 

In the results in the last column of this table there are no 

F 

marked indications of an increase m the values of A . arising 

from an increase of the temperature at which the observa- 
tions were made. Having afterwards, when I carried the 
observations to a greater extent in the scale of temperature, 
clearly ascertained that this was the case, I determined there- 
fore not to take the mean of the values of A . as I have 

here pointedout, but as I had madeobservations at every con- 
venient opportunity, to take out from them, in the first place, all 

the values of A , where the mean between the temperatures 

from which they were derived agreed nearly with the lowest 
temperature of the observations which it was my object to 
reduce ; in the same manner, to take those which agreed 
most nearly with the mean temperature to which these ob- 
servations w^e to be reduced ; and likewise those agreeing 
with their highest temperature: taking then the mean of 
each of these, from these three means, I derived a value of 

A from which I determined the variation of the angle <p, 

corresponding to any change of temperature. I have men- 
tioned this here, that my reason for giving so many of the 
observations may be apparent. Observations, precisely simi- 
lar to the preceding, were made on the 7th of June : they 
are contained in the following table. 



















Mter these observations the magnets were vdped dry, and 
their poTes of ccmtrary names joined by bars of s«>ft irmt : to 
this circumstance I attribute the increase which, when next 
I used them, I found had taken place in their intensities. In 
the observations subsequmt to Ae;^, I made use of two ther- 
mometers, one for each magnet, and observed the tempera- 
tures of both magnets at the beginning and at the conclusion 
of the observation. 


Table of the positions of the Points (f Equilihrmm corresponding to 

different Temperatures of the Magnets retaining a Magnetic Needle 

InEquiUbro. I3th of June. 


nme of 
commeocmg 
ohsenratton. 

Temperatme of 

ftsipts of, SquiliMum. 

Temt)emui£ of 

coododing 

obaemdcffli: 

Mean Tempe- 
rature of the 
Magnets. 

q\sq 

Q\ 

N SC 

« 

i ^ 

T 

CO 

N. Mi^. 

S.Mag. 

West. 

East. 

Sooth. 

N. Mag. 

S.Mag. 

b. m. 

7 i» 

7 35 

7 55 : 

8 z6 \ 

j 

63. 0 

61.1 

71. 1 

66.2 

62.6 

61 .0 

71.1 
65. 8 

80 28 
Si 12 
75 3^ 
77 40 

80 28 

81 16 
75 44 
77 48 

S 18E 

0 16 
^0 18 
'o 18 

' 

0 

63.0 
61.2 

71.0 

66.1 

0 

62.6 

61.0 

71.0 

65.7 

h. m. 

7 H 

7 40 

8 00 

8 32 

62.80 

61.68 

71.05 

65.95 


I have just mentioned that, on making these observations, 
I found the intensities of the magnets increased: on this 
account I was under the necessity of increasing their distances 
from the needle. The distances of their nearest ends from 
the centre of the needle were in this case 1^.45 inches, or of 
their centres si, 41 inches: this value of R being substituted 
in the equation (C) gives 

M — F ( ,004553^04 + .0007880523 cos.>) 0* {«^). 

As before, I calculate the following table from this ^nation. 
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JnimsiMes corre^onding to Tem^ 

p$raitw€sqftheMugmt$. 



« 3 »ecrva!t|ons. 

Mem ei the 

of 9. 

MagneSe Inten- 

ISST. et 
ahre 

r 

-M* , 

m 

A ♦ J^, 
U 

&«8o 

6t.a8 

71.05 

65.95 

-1.72 

+9.97 

-5.10 

io 28 

81 14 

75 > 

77 44 

218,5687 

2x8.7269 

217.30*4 

217.9040 

40.1582 

+ >• 4*55 
■fo.0026 

OhOgio 

0.1430 

0.1182 


F 

There is only one, the first, of the values of A . which 

differs ranch from those already obtained, but the difference 
of the temperatures in the observations from which it is de- 
rived is ^ small, that any errors would be rendered very 
sensible ; and if the thermometers happened not to indicate 
the precise temperatures of the magnets at the times of ob- 
servation, it wcHild be quite sufficient to account for this dis- 
oepancy. 

In his paper on the daily variation of the horizontal and 
dipping needles under a reduced directive power, Mr. Bar- 
low has described some anomalies which he observed between 
the daily changes in the direction of a needle when placed 
in the house md when in the open air, and also the steps 
winch he took to discover their cause. He mentions, ** that 
in certain positions of the needle towards the east and west, 
the daily motion, although it proceeded with the same deter- 
minate uniformity in both cases, yet it took place in different 
directions ; passing in the one instance from the east, or west, 
towards the south, and in the other towards the north, at the 
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mme corresponding hours of the day, the motion in both 
instances being equally distinct, tegular, and progr^ive.^'* 
These anomaliesj I also noticed, although, as I have men- 
tionod in my former paper, I did not find the reversion, in 
the directions in the two eases, to take place with the same 
regularity and uniformity that Mr. Barlow observed it to 
have. In that paper I also stated my opinbn, that these 
anomalies had arisen from the difference in the changes of 
temperature in the magnets when in doors and when in the 
open air, and that the observations in the two cases would be 
found to agree when they were freed from tlie influence of 
difference of temperature in the magnets. 

As I had already made observations in doors, in which I 
noted the temperature of the magnets, it was now my intention 
to make corresponding observations in the open air, in order 
that by reducing the obervations to the same standard of tern- 
l>erature, their agreement or disagreement might be put be- 
yond doubt. For this purpose the w^hole apparatus was placed 
hi my garden, exposed to the sun and air, on a table having 
its legs driven firmly into the ground ; and for several days 
I observed, at stated intervals, the positions of the points of 
equilibrium ; when I had an opportunity I also made experi- 
ments, similar to the preceding, for the purpose of determin- 

ing the value of A |^, to be applied to the correction of the 

observations in doors and in the open air. 

On adjusting the magnets to the needle, I again found that 

Xn th« Postscript to this paper, Mr. Baklow, to whoin I had comniuiikated 
my views with regard to the effects of temperature, refers to the experiments which 
I had made, for the explanatioii of tl]^e appar^t smomaUes. 
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thMt intensities had increased, owing, I c^sMer, to the same 
circumsf^t^ as before, and I th^ore lacrea^d thdr dis- 
tances frean ihe neeffle • tat sdRer making the first days ob- 
servations, and comparing them with diose imde in do^^s, I 
fonnd it necessary shghdy to diminish thes^ distan^s, in 
order diat, at the same tempemture of the m^nets, die si- 
tuations of the points of equilibrium might more nearly agree 
in the two cases. During the observations of the first day, 
the distance of the nearest ends of the magnets from the cen- 
tre of the needle were 15.63 inches : so that the value of R 
is here 31,58 inches, and the equation C becomes, 

M — F ( .004441 190 .0007549085 cos * ^ ) ass 0 { «^ ) 

The observations are contained in the following table. 


Table the posUiom of the PoinU of Equilibrium correspon(kng to different 

Temperatures of the Magnets retaining a Magnetic Needk in Equilibria. 
17tb and 18tb June, 


Time of 
(mxmsmm 
obsemtion. 

Teraperatore 
Uie Mi^oeta, 

Poiats of Eqmlibrium. 

Tonpemture of 
the Magnets- 

Time of 
condudiag 

Mean Tempe- 
rature of tne 
Magnet. 

Barom. 

'nierm. 

atoched. 

North. 

South, 

West. 


Sooth. 

North. 

South. 

oSwcrvation. 

June 

17 

18 

1 

i 

h. m 

19 27 

*9 S 3 

20 15 

20 p 

21 02 
21 26 

7 36 

8 00 
8 25 

8 51 

a .6 

60.25 

68.4 

5 lJ' 

74.0 

66*2 

73*8 

p6.8 

0 

48.8 

60.25 

68.^6 

7 S -0 

62.0 
74*2 
15 ^ 5 ^ 

160.0 

173.8 
57*4 

79 5* 
75 H 

JZ 02 

69 36 

74 ** 

70 06 

75 00 
70 58 
68 12 

74 3* 

So' 46 
75. 4 ^ 

7 * 40 

70 08 

74 24 

7014 

7 5 <X 

71 28 
68 52 
|74 44 

1 ; 
1 

0 , 

0 42 E 
0 32 E 
0 24 £ 
0 24E 
0 14E 
0 08 E 
0 00 

0 02 E 
0 02 £ 
0 02 £ 

«,« 

60.25 

67.B 

74*-2 

61.5 

73-4 

66.0 

73-4 

56.4 

0 

49.0 
60.25 
68.2 

74*3 

61.7 

73«6 

S 5*4 

65.8 

73*4 

57.0 

h. m. 
19 32 

19 s6 

20 19 

20 41 

21 06 
21 30 

7 40 
S 04 

8 28 

1 8 56 

^.30 

60.25 

68.25 
74*60 
61.75 

73 '80 

55-58 

66.00 

73.60 

56.90 

30.29 

30.20 

55*75 

56.00 


From these I calculate the following table by means of the 
equation 
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TaMe the Magnetic Intensities corresponding to ddffermt Tern- 
peratwres ^ the Magnets. 


M<^& Tenipes. 

xamie of tht 
Magnets. 

Diff. of Tcai|t, 
in suiccewiyc 
observations. 

Mean of the 
observed value: 
off. 

Mr^paetle lAtsact. 
«iiy, <K value of 
F 

M* 

Diif. of sucees- 
atve valu^ of 
F 

W 

of 

F 

1® Fah 

or A . I... 

H 

49 ’ 30 

60.25 

68.25 

74.60 
61.7s 

73-80 

66.00 

73.60 j 
56.90 j 

+ 10.95 
+ 8.00 
+ 6.3s 

— 12.85 
+ 12.05 

+ 10.42 
+ 7.60 

— 16,70 

, 0 t 

80 22 

7 S 35 

72' 21 

69 52 

74 >8 . 

70 15 

75 03 \ 

68 32 

1 74 39 

224.0981 

222.8171: 

221.7046 

220,7198 

222.3967 

220,8778 

222.6462 

222,2655 

220.1532 

222.5145 

— I.2B10 
— l.tl2S 
— 0.9848 
+ 1,6769 
— I.51S9 

: — 1 ,3807 
— 1.1123 

1 —2,3613 

L__ : 

0.1179 

0.1391 

0.1551 

0.1305 

0. 1260 

0. 1315 

0. 1461 
0.1314 


After making these obsevations, the distan^s of the mag- 
nets from the needle were slightly diminished, for the reasons 
I have already mentioned: their nearest ^ds were now 
15.56 inches from the centre of the needle, or the value of 
R was 21.52 inches. By substituting this value in the equa- 
tion C, it becomes 

M ~ F . ( .004480432 + .0007664093 COS,^(p )=so. ( 

The observations which I made with the magnets at this 
distance from the needle, and the results which I obtain from 
them, are contained in the two following tables. 




TaMe tke Magnetic Intensities corresponding to different Temperatures 
iff the Magnets. 









Afi^r havmg made tlie preceding obser^adcms, md con- 
cluded tbose on diurnal dianges in the points of equi- 
librium, I proposed applying the balance of torsion, as another 
means of determining the variadons In the magnetic intm- 
sities, arising from changes in the temperatures of the mag- 
nets ; but in my first observations with this instrument, there 
were such discrepancies, arising from the over torsion of the 
wire in consequence of its want of elasticity, being silver and 
too fine for the weight of the needle, and likewise too short, 
that, although they pointed out very clearly the same general 
results which I afterwards obtained from unexceptionable 
observations, I would not make use of them for determining 

a mean value of A . ^ to be applied to the correction of the 

observations on the diurnal changes, for the variation in the 
temperature of the magnets. As a considerable time inter- 
vened before I had an opportunity of repeating these experi- 
ments, and in making them, I had, by increasing the tem- 
perature of the magnets beyond a certain point, permanently 
destroyed a portion of their intensities, I considered it better 

to obtain the mean value of A.~, which was requisite, from 

the results of the experiments made more nearly at the 
same time as the observations which it was my object to 
reduce. I therefore determined this value from the preceding 
results. 

The temperatures of the magnets in the observations on 
the daily changes of the points of equilibrium were, with a 
few exi^ptions above and below, comprised between 54® and 

65®, and I determined the mean value of to be applied 
to the correction of these observations in this manner : from 



m Mr. CRmmmn th ^cts of ter^eraHre on 
fte l^eceding r^ttits I first took ttee Takes of a ^ deiived 
from dbi^vations ^here the mean of the temperatiir€^ was 
near to and from these oteined a mean value of A . ^ 
when Ae mean temperature of the magnets was nearly : 

' ' p ' ' 

in like manner I obtain^ a mean value of A . when the 

mean temperature of the magnets was nearly 6 o®, and also 
when nearly 54® t taking a mean of these three means, I ob- 
tained a value of A . which could not he sensibly different 

from its true value in any of the observations which were to 
be corrected. These are collected in the following table. 

Table of Remits for ohtmning the Mean value if A. 


Mean Tan^jentare flS seatiy. 


MemiTwnimteHre Co new^. 


Moan Terapauratture Si^nearly. 


Date. 

TenqiciatnieB. 

Mean. 

Value 

Di^. 

Ten^eiatares. 

Mean. 

Vatocof 

A F 
^•*1* 

Date. 

Tetnperatutes. 

Mean. 

Value of 

June 

6 

13 

*7 

*7 

18 

18 

18 

19 
19 

0 

6a. 05 
61.08 
60.25 
61.75 
5lS»9o 
55.40 
55.40 
55*45^ 
SS'SSi 

,0 

67.15 
71.05 
68.25 
73*80 
73 *60 

73-80 

73.80 

73-90 

73-90 

0 

64.600 

66.065 

64.250 
67-775 

65.250 
64.600 
64.600 
64.675 
64.725 

-1233 

.1430 

-139* 

.1260 

-*314 

.1237 

June 

6 

17 

18 

*9 

19 

19 

59.05 

49»30 

55*58 

55-45 

55-55 

SS-*5 

62,05 

6^.25 

66.00 

64.30 

64.28 

66.75 

0 

60.550 

58.77s 

60.790 

59-875 

59.915 

60.950 

.1268 

.1263 

•13*5 

.1299 

.1220 

.1224 

June 

17 

20 

20 

20 
22 ] 
22 

0 , 
49-30 

50.65 

5*-35 

5**35 

S*-35 

S*-35 

60,25 

55-80 

55.80 

57-20 

54.08 

55-94 

54-775 

53-225 

53- 575 

54- 275 
52-715 

53.64s 

•*179 

. io6? 
.1059 
,1125 
.1203 
.1064 

.1251 

.#360 

Mean 

6b. 143 

.12648 

Mean 

53-701 

.11155 

.1311 




1? 






j 

Mean 

65.171 

.13097 

Mean value A . -rr* ^ ^ aMhcd in coTfecbng tnc obsermions } 

M >0.12300 

on the I^umal changes in the positions of the Points of EquHIbtium ) 


To apply the value of A . thus determined, to the cor- 
rection of the observed directions of the needle, for the 
changes which took place in the temperature of the magnets, 
let A 4 be the increment of the azimuth of the needle corres- 
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|>aii 4 mg to ^ incraaent A F of the intensiQ^ of the magnets. 
Wim\ therefore F Incomes F + ^ putting the equation (C) 
in the form 

M — ^ 4“ Q- F rs <?, 

ithmmies 

M — {p + Q. c»s.*((f. + A ?)}(F+ A F)=: 0. 

whence 

cos.-(? + A,p)«=i.{^-P|. (E) 

This formula, though sufficiently simple, is not in the most 
convenimt form for calculating the values of A <p, corres- 
ponding to different values of <f>, owing to the common tables 
of logarithms giving only seven places of figures. The 

values of P and agree in the first two or three figures, 

so that there will remain only five figures towards the be- 
ginning of the table, and four figures towards the end of it, 
from which the values of f^A(p are to be derived, conse- 
quently they cannot be calculated to the greatest accuracy. 

But if ^ be expanded, the first figure of — P 

being in the 5th plac^ of decimals, the first ffigure of 
will be in the 9th place, and the first figure of will be 
in the 13th place ; and therefore we should obtain the value 
of r ? — P true to the 11th place of decimals, or true to 

r -f" o r * 

7 places of figures when we neglect the term Now 

m the cases which I had to compute, the first two figures in 
the value of were the same for all the arcs, and conse- 

E 
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quentiiy by u§!ng these, the value of ~ P for die de- 

tennination of cos/ (^ + d would be true to the 6^ 
figure, which would give ^ the tenth of a sea)n<i. 
&ich a degree of accuracy may appear quite uncalled for by 
the nature of the observations, but from the manner which 
I adopted for correcting them, it was necessary to guard 
against any accumulation of error. 

From what I have said, we have 

but ^=P + Qcos.‘^, 

and therefore, 

<»s.*(^ + A.p) = i{Qcos.-,p + “i^-H^|. (G) 

, Hav|pg, as we have seen, determined by observation A F 
in terms of M, and -j, being computed from the equation (C), 
for any angle <p, the value of A would be readily computed 
from this formula : that is, we could obtain from it the cor- 
rection to be made in any observed angle, for a change of 
in the temperature of the magnets, whether that tempera- 
ture were increasing or decreasing, only observing that A F 
is minus for an increase of temperature, and plus for a 
decrease. 

The method which I have adopted for reducing the ob- 
served values of (p to what they would have been, had the 
temperature of the magnets been constant, is this: the 
obsm^ed values of <p being comprised betwe^ and 
I computed the values of A both plus and minus, at inter- 
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of 30 minutes, fK)m 74® to 86®, by means of the fonnula 
(O): from these, and their several orders of difierences, I 
interpolated the values of A p at intervals of 6" minutes : 
forming these, with thefe* differences, into tables, 1 obtain^ 
fiom them, by inspection, the value of A q> <x>n:espon^ng to 
any observed angle: adding the plus value of A|>to the 
observed angle, when the temperature of the magnets was 
above the mean temperature to which the observations were 
to be reduced, I obtained the value of f at a temperature of 
the magnets one degree lower than that observed : proceed- 
ing in the same manner with this corrected value of f, I ob- 
tained another value at a temperature one degree lower than 
the last, or two degrees below the observed temperatiare : 
with this I proceeded again in the same manner, and so on, 
until the observed value of <p was reduced to its value at 
the standard temperature of the magnets. If the ob^rved 
temperature was below the mean temperature, I successively 
subtracted the different minus values of Atp to obtain the 
corrected value of This will perhaps be better understood 
when I come to the observations and their corrections ; but I 
thought it necessary to explain the use which I made of these 
tables previous to giving them. 

In the observations which I made within doors on the 
daily variation in the positions of the points of equilibrium, 
the distances of the nearest ends of the magnets from the 
centre of the needle were 15.31 inches, or the distances of 
their centres from the centre of the needle 31.21 inches; so 
that, as we have before seen, the equation (C) here becomes 
M — (.004690814+ . 000829329 cos.*^). F=sa; {<«) 
consequently the equation ( G ) becomes 
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e<^.*(<|)+A4>)=: I •OOd8S9S«9 COS.® ^+.0000000016 

^ .ISS X (.0046908 14 + . OOo 8 s 93 S 9 cos.® s5s 0 ; . . . . (y) 
.ooooooooi6,beiiig tte value of — - in all the values of <p 

for which I had to compute ; and .las the value of A . ^ already 
foimd : the upper sign to be used when A , ^ is plus, or when 
tl^ observed temperature of the magnets is above the mean 
temperature to which the observations are to be reduced, and 
the lower sign, when A * ^ is minus. 

This formula is not so ill adapted for calculation as it may 
at first sight appear, since for each value of <p it is only 
necessary to refer to the tables eight times to obtain the 
values both of <p + A (p and (p — A ^ or of and <p^* 

The values of in the obsarvations in doors, being com- 
prised between 77® and 86®, I calculated the two following 
tables as the basis of the tables by which these observations 
were to be corrected, for the di^rence between the ob- 
served temperature of the magnets and the standard tem- 
perature. 
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1 . Table of the ineremeots in the Azimuths of §ie PomU of 
l&mnm cortespondmg to a decrement of 1° in fAe Temperature 
of the MagmU, uM, their eeeerai orders of d^erences^ ccdeu^ 
kited at intervals of 80' in the Azimuths from 77® to 86^ ,* the 
distcmces of the centres of the Magnets from the centre of the 
Needle being 21.21 inches. 
















3^ 
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% W^te of the decrements in ^e AzimuUis of the Points ^Mqmti^ 
bHum corresponds^ to an increment of 1° in the Tempere^re 
iflke MagneU^ with their several orders of d^erences^ codcvdoted 
at ifUervals ^30' in the Asdmvths from 77® to 8^ : the distances 
tf the centres of the Magnets from the centre of dm Needh hemg 
21,21 inches. 


9 

Ap 

A*^ 

A^p 

A^p 

A^ p 

77 oo 
50 

78 00 
30 

79 00 

30 

80 00 

30 

81 00 
30 

82 00 

30 

83 00 
30 

84 00 

30 

85 00 

^ 30 

86 00 ! 

25.675 

26.565 

27.528 

28.575 

29.717 

30.967 

32‘339 

33-849 

35 -517 i 

37-367 

39-430 

41*745 

44*355 

47*3*3 

50.690 

54*575 

59.077 

64.332 

70.522 

0,890 

0.963 

1.047 

1 . 142 
1.250 

1.372 

1.510 

1.668 

1.850 

2.063 

2.315 

2.610 

2.958 

3*377 

3.885 

4,502 

5-255 

6.190 

t 

0.073 

0*084 

0.095 

0.108 

0.122 

0.138 

0.158 

0.182 

0.213 

0.252 

0,295 

0.348 

0.419 

0.308 

0.617 

0.753 

0-935 

O.OIt 

0.011 
0,013 
0.014 
0.016 
0*020 
O.024 
0,031 
0.039 
0.043 
0.053 
0.071 
0,089 
0. 109 
0,136 
0.182 

0.000 

0.002 

O.OOl 

0,002 

0.004 

0.004 

0.007 

0.008 

0.004 

O.OIO 

0.018 

0.018 

0.020 

0.027 

0.046 


By means of the values of A <p and their several orders of 
differences, contained in these tables, interpolating in the 
usual manner, I calculated the following tables. 



the inknsity ^fmc^netk forces, &€, 


Si 

I. ^ in ^ Aemu^s of the Points of EqmU^ 

bmm eorrespmding to a decrement ofV in Tmiperatmte of 
fhe at inkrmk of&in the AewMhe ftm^ 

7T to 86^; Ae distances (f Ae centres (ftfte magnets from the 
centre of Ae needle being 2131 inches: to be applied to the cor- 
reetim of the obserced Azimuths, mhen the Obmrmd T^pem^ 
ture ofAe Magnets is aboYe the Mean Temperature to which the 
observations are to be reduced. 
















S# Mr, C»EisTiE ^ m 

IL T 4 sMe of ike deeres&eiits m l&e Assinm^ of ^ Points qfJEgm$- 
iSbrmm emr^ondmg to an inereme^i qfV m A10 Temp^aittre 
of^ Magn^r, mknlaUd at intermis of 0 m ^ AssmmMj^drn 
%T ^ ^ t ^ dytmnces ofihe emiresi of ^ Magnet from the 
ornate if ^ N^edk b^g 21.21 inches i to be i^pHed to cor- 

rs^on of the (^served Azimuths when ike obmroed Temperc^re 
0/ dm Magnets is hcXo^ the Mem Temperature to which the 
serva^ms are to be reduced. 


^ jf 78° 79° j 8 o« 81® I 

loif. iDrf. A^ DifJ A^ iDif. A^ I DiC 


0039-430 

06 .8721 

1240.3^24 
18 .786 










ike mtmsBy ^ magnetic fm^ces, Me. $3 

These taWes are calculated for die distance ei. si inches, 
that at which the centres of the magnets were from the centre 
of the needle during the observations which I made in-doors, 
and they would, without any great error, serve also fi>r the 
correction of the observations in the open air, where the, dis- 
tances were SI, 52 inches; but I would not, for the sake of 
avoiding the labour of computing fresh tables, which how- 
ever was by no means inconsiderable, leave any doubt on 
the nature of the diurnal changes in the two cases. 

We have already seen that, when R = 21.52, the equation 
(C) becomes, 

— F . ( .004480433 + . -0007664093 cos.®<?») = 0, («^) 
so that in this case the equation G becomes 
€QS.^(<p + A<p)= ^ -0007664093 cos.*<f)+ . 0000000014 

hF .123 ^ ( .004480433 + .0007664093 cos.® <p)® } O ) 

where .0000000014 is the value of p in all the values 
of (p between 74,® and 86°, the values which I had in this case 
to compute. 

From this formula I calculated the following tables, as in 
the preceding case, excepting that, as in the observations in 
the open air, the temperature of the magnets varied more 
considerably, I had, in correcting them, more frequently to 
repeat the additions and subtractions, and therefore from 
82° to 86®, where the values of A (p change rapidly, I calcu- 
lated the values of A<p at intervals of 15' for the fundamental 
tables, and interpolated at intervals of 3' for the tables to he 
applied to the correction of the observations. 


M 0 CCCXXV. 


F 



fg4 Mr. .CMimm m ^ on 

% WUb ojt iii€^ia06t8 m Ab AmimAs of the Points tf Eqnp- 

M>rmm mrre^^mMng <0 a dad^meat qf Pinthe Tmpmffy^e of 
^ Mkgn^, mA Aeirse^Braiord&rs ofA^immei^mUmhiedat 
Mermb ofW m A» AmihuAs fr&m 74 ® A omd M mhftoU 

of m Am from ^ to 86 ®/ Ae disiomes ofAe centrm of the 

Ma^fi€^j^omAeoetdfe€fAoNB€dkh^g%lM^whm. 


> 

Ap 

A*p. 


16^ 

Arp 

A^p 


0 / 

74 00 
30 

75 00 
30 

76 00 
30 

77 00 

30 

78 00 

30 

79 00 

80 00 

30 

81 00 

30 

Bi 00 
*5 

30 

45 

83 00 

*5 

30 

45 

84 00 
15 

0 

45 

85 00 
IS 

30 

- ; ' - 4 S. 

86 00 

«. 6 S 3 

22.260 

22,913 

23.617 

H-S 7 ^ 

25.202 

26.097 

27.072 

28.138 

29 - 307 
50*594 

32.018 

33*603 

35*377 

37*375 

39.642 

42.23S 

43.684 

4 |-m 

46.933 

48.769 

S0.772 

52.967 

55-385 

58.065 

61.055 

64.419 

68.241 

72.635 

77.760 

* 3 - 8 S 3 

91.290 

100,715 

0.607 

0.653 

0.704 

0,761 

0,824 

0.895 

1,066 

1.169 

1.287 

1.424 
1.585 

<•774 

1.998 

2,267 

2.596 

1.446 

1.560 

1.689 
1.836 
2.003 
2.19s 
2.418 

2.689 
2.990 

■ 3.364 

3.822 

4*394 

5.125 

6.093 

7*437 

9.425 

0.046 

0.051 

0.057 

0.063 

0.071 

o.oSo 

0.091 

0.103 

0.118 

0.137 

o.i6i 

0.189 

0.224 

0,269 

0.329 

0.114 ' 

0.129 

0,147 : 

0.167 

0.192 

0,223 

0.262 

0,310 

0*374 

0.458 

0.572 

0.731 

0,968 

1*344 

1.988 

0.005 

o.oc6 

0.005 

0.009 

O.OII 

0.012 

0.015 

0.019 

0.024 

0.028 

0 035 
0.0^5 
0.060 

0.015 

0.Q18 

0.020 i 

0.025 

0. 31 

0.039 

0.048 

0.064 

0.084 

0,114 

0,159 

0.237 

0,376 

0.644 

0.001 

0.002 

0.002 

0.003 

0.004 

0.005 

0.004 

0.007 

0.010 

0,015 

0,003 

0.002 

0.005 

0.000 

0,008 

0,009 

0*016 

0.020 

0,030 

0.045 

0.078 

0.139 

OwzBS 

0.003 

0,003 

0,005 

0.001 • 

0,002 

0.001 

0.007 

0,004 

0.010. 

0.015 

0* 33 

o.o6i 

0.129 

0.005 

0.018 

0*028 

0^068 




: tke mpmsii^ 0/ -m 

4, 4mmmifnU in the isf the Points ef B^i- 

t^Hum emrre^pondmg io mt increment 1* m the Temperahtre 
of thk Magmtel mM, 0mr ^erai orders of differencm^ekdmhAed 
td inUreah of ^ in the Aeimnfhs froiai 74 ® to 82 ®, emd od iMer^ 
m>ls (fW in those from 86® ; distcmces of the centres 

of the Mmgmts from the centre of the meSe being 2L52 inches. 


, p 

A|> 



A*^ 

74 

30 

75 00 

76 00 

30 

77 00 

|o 

78 00 

30 

79 

30 

80 00 
30 

81 30 
30 

82 00 
*5 

30 

45 

83 00 

*5 

30 

45 

84 00 
S 5 - 
30 

45 ^ 

85 00 1 

30 i 
45 

86 00 j 

31*249 
21.815 
22.421 
23.071 
23.770 
24.524 
25,338 
20.217 
27.169 
28 . 204 

29*334 

30.569 

31*923 

33*414 

35 * 0^3 

36.894 

38.936 

40.047 

41.224 

42.474 

43.805 

45.222 

46-733 

48.347 

50,075 

51*928 

53*918 

56.060 

58-37* i 

60.871 I 

63^579 i 

66.518 
69.717 1 

0.566 

0.606 

0.650 

0.699 

0.754 

0.814 

0.879 

0.952 

*•035 

1 .130 
1.235 
**354 
1.491 

1.649 

1.831 

2*042 

I. Ill 

**177 i 
1.250 j 

**331 

1.417 
1.511 i 

1.614 

1.728 

**853 

1*990 
2.142 
2.311 
2.500 j 
2.708 
2*939 1 
3*199 i 

0.040 

0.044 

0.049 

0.055 

0.060 

0.065 

0,073 

0.083 

0.09s 

0.105 

0.119 

0*137 

0.158 

0,182 

0.211 

0,066 
0.073 
0,081 
0.086 i 
0.094 
0,103 
0,114 
0.125 
0.137 
0.152 
0.169 
0.189 
0»208 
0.231 
0.260 

0.004 

0.005 

0 006 
0.005 
0,005 
0.008 
0.010 
0.012 

0.010 

0,614 

0.018 

0.021 

0,024 

0.029, 

0.007 

0,008 

0,005 

0.008 

0,009 

0,011 

O.OII 

0.012 

0.015 

0.017 

0,020 

0.019 

0.023 

0,029 


From these tables, interpolating as before, I constructed, the 
two following. 




Mk ^ 0f tmf^^re m 

in* TMt ^fike iscren^ts i% ^ ^ FmnU ^Eqm- 

^brmm imre$i^mding to a decrement of 1® in the Tempm:ixim^ of 
^ MagmU^f eticulaJkd at intm'mk qfWin^ Ammu^e from 
from T4 # 8^, md of 3' in those from 82^ to 86® ,* the dmtanees 
ef^e efif^es of die Magnets from the centre of the Needle lmn§ 
2L52 ^hm : to be appUed to the correeMon if ^e^mrrnd Azi^ 
mudie when the Observed Temperature of the Magnets is above 
the Mean Temperature to which the observations are to be reduced. 
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Tabte III. mntinued. 


p 

82*^ 

8^ 

84O 

85® 

i 


Bif. 

A p 

Dif. 

A 4 » 

Bif. 

1 

A 9 

Blf. 

oo 

oo 

09 

12 

»S 
18 
21 
24 1 
*7 I 
30 

36 

39 

42 

48 

5 * 

54 

57 

60 

42.238 

•519 

.804 

43*093 

.386 

.684 

.986 

44*^93 

.005 

.922 

45.244 

.571 

,•903 

46.Z41 

•584 

•933 

47.288 

.649 

48.016 

. 3»9 

• 7 ^ 

.281 

•285 

.289 

*293 

.298 

.302 

•307 

. 3»2 
• 3«7 
• 322 
.327 
•332 
*338 
•343 
•349 

.361 

*367 

-373 

.380 

4 ' 8,769 

49.156 

*549 

•949 

50.357 
• 772 
51.195 
.025 

52.064 
.511 

•967 

53*431 

•905 

54.389 

.882 

55-385 

•899 

56.423 

•959 

57.506 

58.065 

•387 

•393 

.400 

.408 

.415 

•423 

.430 

•439 

•447 

.456 

.464 

*474 

.484 

•493 

•503 

• 5*4 

.524 

•536 

•547 

•559 

58.065 
.637 
59.221 
.818 
, 60.430 
61.055 
.696 
62,352 
63.024 

.7*3 

64.419 

65.144 

.887 

66.651 

67-435 

68.241 

69.070 

.922 

70.800 

71.704 

72.635 

.572 

•584 

•597 

.012 

.625 

.641 

.656 

.672 

.689 

.706 

*725 

•743 

•764 

•784 

.806 
• 829 

•853 

.878 

.904 

•929 

72.635 

73-595 

74.5S6 

75.610 

76.667 

77,760 

78.892 

80.064 

81.280 

82.54* 

83.853 

85,217 

86.639 

88.121 

89.670 

91.290 

92.988 

94.772 

90.648 

98.626 

100.715 

.960 

• 99 * 

1.024 

1 .057 
1*093 
1. 132 
i.17* 
1.216 
1.262 
1.3*1 
1.364 

1 .422 
1.482 
1.549 
1.620 
1. 698 

*•784 

1.876 

1.978 

2.089 

1 




IV, TM^ of ^reroents in 4Mmm^ of the Pointe of 
Egmiibnum tmrresponding to an increment of m the Ternpe-^ 
ratnre <f the Magnets^ caleulaied at iniermk of ^ in the 
mmthefrom *74® and of W in thme from 82* tot^ ; the 

dutamee of the centres ^ die Magnets from the centre of the 
JNeedk being 21.62 inches : to he applied to the correction of the 
observed Asinkuths when the observed Temperature of the Magnets 
is below die Mean Temperature to which die observaHom are to 
be reduced. 


9 

74® , 

1 „o 

76° 



I 

! 77 <^ 


A <p 

Dif. 

A 

Dif 

JA p 

Dif. 

A p 

Dif. 

oo 

o6 

12 

i8 

H 

4S 

60 

21.249 
•339 
• 47 » 

*^99 

•«tS 

*933 

zsyps^ 

*174 

y ^97 

.421 

.110 

112 

.113 

.u6 

.ii8 

.119 

.122 

.123 

.124 

22.421 

•547 

•675 

,805 

•937 

23.071 

.207 

•344 

.484 

.Pz6 

.770 

.126 

il28 

.140 

.132 

1.11 

•*37 

.140 

.142 

.144 

1 / 

i 23 '.* 77 o ' 

1 .916 

i 24.^5 

1 .216 

! ^3^ 

1 

.682 

1 -'*84^ 

23.005 
i VI 70 

i - 33 « 

.146 

.149 

.141 

•*53 

•155 

..58 

.160 

.163 

.165 

.168 

25^338 

.508 

.681 

.857 

26.036 

.217 

.401 

.589 

*779 

.972 

27,169 

,170 

. 176 
.179 
.181 
. 184 
.188 
.190 
* 1-93 
.1-97 

-p 


79 ® 

i 80“ 

i 


/ 

A ^ 

Dif. 

A f 1 Dif. 

1 ^9 

Dif. 

A p 

Dif 

00 

06 

iz 

18 

24 

36 

42 

48 

27.169 
.369 
• 572 
•779 
.990 
28.204 
.422 
.644 
.870 
29.100 
•334 

.200 
.203 
.207 
.211 
.214 
.218 
• zzz 
.226 
,230 

•234 

29-334 

,572 

.815 

30.062 

. 3 ^ 

.569 

.830 

31.09s 

.366 

.642 

•923 

.238 

•243 

•247 

*.256 

.261 

.265 

,271 

.276 

.281 

' 3^-923 

; 32.210 
.502 
.800 

! 33*104 
•414 

j -730 
34*053 
•383 

.720 

35.063 

.287 

.292 

.298 

•304 

.310 

.316 

•323 

•330 

•337 

*343 

is . 061 
.414 

^•772 

36. 138 

.512 

.894 

37.285 

.684 

38.092 

.509 

*936 

.351 

•358 

.366 

•374 

.382 

•391 

•399 

,408 

.417 

.427 




Taljle IV. eontmued. 


B 


mam 



r 


.m 


m 


mf. 

Ap 

bjf, ■ 

00 

■m ■ 

06 
09 ! 
iz 
IS 

Zl 

H 

27 

50 

36 

39 

4-2 

51 
54 

57 

60 

*373 

•595 

.820 

40.047 

^•.277 

.510 

• 745 -“ 

.983 

.468 

•965 : 

42.218 

•474 

• 734 ' 

•997 

43 * 2<53 

*532 

.80s 

.217 

.220 

.222 

.225 

.227 

.230 

•233 

•235 

.238 

.241 

.244 

.247 

•250 

.253 

.250 

.260 

.263 

.266 

.269 

♦273 

43.805 

.361 

.644 

*931 

45.222 

.516 

.815 

#•117 

•5=23 

•733 

47.047 

.366 

.688 

48.016 

-347 

•683 

49.024 

.369 

.720 

50.075 

.276 

.280 

*283, 

.287 

.291 

.294 

.299 

.302 

.306 

.310 

-3*4 

• 3*9 

.322 

•327 

•333 

•336 

• 34 * 

•345 

• 35 * 

•355 

50.075 

•435 

.80.1 

51- 17* 

•547 

•928 

52- 315 

.707 

53- 105 

.508 

.918 

54 - 334 
.756 

SS.i8+ 

• 6 j 9 

56*060 

.J08 

.963 

57 - 4 * 5 ' 

•894 

58.371 

•560 

.366 

*370 

.376 

.381 

.387 

.392 

.398 

.403 

.410 

• 4(6 

*422 

.428 

-435 

• 44 * 

.448 

*455 

.462 

.469 

•477 

58.371 

-855 

59-347 
.847^ 
60.35s , 
.871 
61.395 
.928 
62.469 
63.020 

. *579 
64.148 
.726 

65.3*3 

.911 

66.518 

67,136 

68,404 

69*055 

69,717 

,484 

.492 ; 

.500 

.508 

.516 

.5*4 

•533 

• 54 * 

• 55 * 

.569 

•578 

.587 

.598 
.607 
,618 
,629 ; 
.639 . 
.651 
,662 ; 


I now proceed to tlie observations for the correction of which 
these tables were calculated. My principal object in making 
these observations, was to ascertain how far they would ena- 
ble me to determine the diurnal changes in the terrestrial 
magnetic intensity, and whether a series of such observations 
would not afford very accurate measures of such changes ; 
and I have before stated that I made them both within-doors 
and in the open air, in order to ascertain whether I had, in 
my former paper, assigned the true cause of the apparent 
anomalies which were noticed by Mr. Bakxow and myself in 
these different situatiotts- 

Itke first observations were made in- doors, in the same 
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room as tho^ from the soth to the S7th of April, 
in my former paper. The compass was placed on an hori- 
zontal table, wkh its centre at the distance of 5 from 
the middle df the only window in the room, and which was 
nearly in the direction of the magnetic meridian from it, I 
mention this circumst^ce, not that I myself ojnsider it of 
importance, but as a datum for those who may be dispc^ed 
to attribute the diurnal changes in the direction of the needle 
to the influence of light. The only iron in the room is a 
large lock to the door and the weights to the window, which, 
when the observations were made, were always in the same 
position. The magnets were placed on the table with their 
axes, as nearly as I could adjust them, in the meridian, the 
north pole of each being, as I have before mentioned, to- 
wards the north, and the distances of their centres from the 
centre of the needle 21.21 inches.^ 

The method which I at first adopted for determining the^ 
changes that took place in the temperature of the magnets, 
was by placing a thermometer with the bulb near the south- 
ern extremity of the north magnet. In this manner I conti- 
nued to observe for five days : I then placed the bulb of the 
thermometer on the southern extremity of the north magnet; 
and continued the observations for five days longer. I con- 
sider that the changes in the thermometer would, in either 
case, very nearly indicate the changes in the temperature of 
the magnets, especially as those changes were very gradual, 
and did not exceed lo® during the whole time in which the 
obsm^ations were made. 

In the present state of our knowledge respecting the causes 
of magnetical phsenomena, it is difficult to say how far 
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al3ii6tpli€Tic dbinges may influ^ce the dir^^tion and intensity 
of the terrestrial m^netisin ; I consider, therefore, in order 
that all possible information should he derived from a series 
of such observaticms as I am about to describe, that they 
should be accompanied with very precise observations ctf all 
the atmospheric changes which take place, particularly those 
of an electric nature. It was not always in my power to note 
these with the requisite precisi<m ; and as the observations 
were not ccmtinued for a sufficient length of time to enable 
me to derive any thing from those which I made on the force 
and direction of the wind, the character and appearance of the 
clouds, &c. I omit them : I have however inserted the chaises 
which I noticed in the state of the barometer. 


Tabie of observatiom. made within doors, on the Dkamal Chunffee 
in the poMom of the Points of EquiUbrium ai which a Magnetic 
NeefUe was retained by the joint aeUon of Terrestrial Magnetism 
and of two bar MagnetSy havmg their axes horizontal and in ^he 
magnetic meridian, and their centres at the dU^nce 21.21 inches 
from die centre of die Needle. 


Date and Time of 

Tacnp. 
of tbe 

Poiaf 


dam. 


Therm* 

Obaerration. 



South. 




h. m. 

6 00 

59-75 

82 06 

80 24 

81 06 

0 o4w 

29.75 

59*55 


7 30 

6 o.C «5 

82 44 

0 02W 

29.75 

59 * 6 ^ 


8 55 

6q.^S 

82 20 

81 06 

0 06W 

29.74 

60.00 


10 30 

60.7s 

82 34 

8i 30 

0 14W 

* 9-75 

60.50 


0 00 

61.00 

82 04 

80 00 

0 44W 

29.75 

66.50 

I’i 

1 45 

6i«ic 

81 38 

79 *6 

0 34;^ 

i 29.76 

59-75 

3 

60.75 

Si 20 

80 20 

0 10 W 

» 9-76 

60.00 

"5S S 

4 35 

60.50 

81 34 

So 40 

0 o6£ 

* 9-75 

60,25 


& 10 

60*00 

81 20 

80 46 

0 Q4E 

29.80 

57*75 

< 

7 

59-50 

81 50 

80 52 

0 02W 

29,82 

( 58.00 


9 30 

S®-75 

82 04 

80 32 

0 loW 

29*86 

58.50 

L...,,,.. 


G 


MBCCCXXV. 























~ ■ with^^ .jdoQOTSy, 


Tempera* ' ~ . 

ISglSS' W««dy.| E»^.^^r■■^ Semi,. 








## Mr. CimjsTiK m the ^mU on 

TMe of oheerpotiom made wiihm door^i, 


tinned 

r[^p« 9 t&> 

Peibts of Sgxiltibriiim. 


Henmi. 

Ma^;aets. 

Westorfy. 

Eastedy. 

Soixtb. 

BatcraslM. 


h, m. 

, 0 

0 r 

0 / 

0 / _ 

0 t 



6 to 

02.00 

81 50 

80 12 

0 04E 

30.27 

63.00 

.B 

7 |o 

62.50 

81 56 

80 26 

0 08E 

30.28 

62.00 


9 oo 

63.00 

82 56 

81 18 

0 06E 

30.28 

64.50 


fo 30 

63.40 

8* 3 * 

8a 40 

0 16W 

30.27 

«S- 7 S 


0 00 

63.66 

Si 32 

79 34 

0 24W 

30.28 

66.00 


1 30 

63-75 

81 04 

79 02 

0 32 w 

30.28 

66.33 


3 <30 

64.20 

80 10 

78 38 

0 30W 

30.28 

66.33 


4 3 C> 

65.00 

80 10 

78 36 ; 

0 20W 

30.28 

1 67.75 

- 1 

S 55 

65.00 

79 40 

7* 24 

0 I6W 

30-27 

1 65.66 


7 30 

64.66 

79 44 

78 20 

0 I6W 

30.27 

1 63.50 

< 

9 25 

63-33 

79 54 

78 so 1 

0 I6W 

30.26 , 

> 61.66 


12 30 

63.00 

80 28 

79 00 j 

0 I6W 

30.26 I 

! i 

1 64.00 


In all i3ie observations which I have made, I have consi- 
dered the magnetic meridian to be the line of direction of a 
needle at the time when that direction is most stationary, 
that is at about seven o’clock in the evening ; and in arranging 
the magnets for the foregoing and similar observations, I 
have not only always found much difficulty, but have seldom 
succeeded, in determining so accurately the axes of the 
magnets, and adjusting them so precisely in the meridian, 
that, at that time, the needle should be held in equilibrio 
exactly at south, and also at points towards the west and 
east equidistant froqji the north, which evidently ought to be 
the case with a perfect adjustment. Partly from this dif- 
ficulty in adjusting the magnets, of which those who have 
attempted similar arrangements will be best aware, and 
partly from the changes which, even during the evening, 
take place in the direction and intensity of the terrestrial 
forces, the east and west points of equilibrium, in the fore- 
going observations, are not, during the evening, at equal 




45 


the mimsity of magn^ form ^ &c, 

distances fr^xn tite aorth, nor is the south |K>int exactly at 
south. ^ In c«rder to reduce the situations of these points to 
their dli^ances from what cmght to be considered as their 
meridian, ! take the mean of the azimuths of the westerly 
point at the evening observations, which is 8i® and also 
of the coiresponding azimuths of the easterly points, 79® 57'; 
half their difference will be die mean error in the point which 
has been considered as zero df the compass with reference to 
these points : so that if 45' be subtracted from each of the 
azimuths of the westerly point, and added to those of the 
easterly, these points will be reduced very nearly to what 
would have been their positions had all the adjustments been 
perfect. With regard to the southerly point of equilibrium, 
the mean of the evening observations gives its position is' W ; 
this therefore should be subtracted from the westerly and 
added to the easterly, in order to reduce the observed devia- 
tions to those from the meridian. These reductions I have 
made in the following table, preparatory to the reduction to 
be made in consequence of the changes in the temperature 
of the magnets. 



Tahh of the preceding observations reduced to their Mean Magneto Meridian. 


















kmk,^ 

m '€^gb:df m.wm^m^f ^ 

' 

of tliis redttcrioii Kiay W oiiilsi^ l diaM giw m iitste^ 4 ^ 
the process letigdi of applykig the tables to the correction 
of the observathHis, when the temperature at which tihey 
were made was bel&w the standard temperature, and also 
when it was above that temperature. As the observatbns 
were made with the magnets at temperatures varying nearly 
equally above and below Oo®, I consider that, the standard 
temperature to which to reduce them* The two following 
are instances of this reduction. 

ist. Observed temperature below the standard temperature. 


34th May, 6^ 00“ A.M. 

Westerly. 

Easterly, 

Points of Equilibrium 

8 fz 7 

83 1 1 at temp. 57® 

Correction for i® Ta»p. Table 11. 

•— 47.002 

45*397 

Points of Equilibrium • 

82 39.998 

82 25.603 at temp, 58® 

C<«rrection for i® Temp. 

— 42,582 

— 41.380 

Points of Equilibrium 

81 57-4*7 

8x 44.223 at temp. 59® 

Conection for i® Temp, 

— 39*244 

— 3**3*6 

Reduced Poiuts of Equilibrium 

81 18.173 

81 05,907 at standard tem^. 60®. 

snd. Observed temperature above the standard tempemture. 

a9tb May, Noon. 

W^terly. 

Easterly, 

Points of Equilibrium 

82® 00' 

Si® 34^ at temp, 63® 

Correction for 1® Temp. Table I. 

4. 42.820 

4 40 * 5*7 

Points of EquiEbrium 

82 42,820 

82 14, 5 x7 at temp. 62® 

Comcrion for t* Temp. 

-1-47*329 

+ 44*24* 

Points of Equilibrium 

83 30.149 

82 58,758 at temp, 61® 

Cmrecdon for !• Tempw 

■f 53*713 

4- 49*296 

Eed^ed Points of EquUlbrium 

84 43,862 

83 48,054 at standard do*. 


^ pp&cmms ^xmtkt ^ of TiMe L 43r 

ftv aisc^filtig Its ihB of ^e iisa^^>k 

b^w'lfee 'stir^irtl' 

had tibe 1^ 

h^agi^ iheai at oadi oh^vatoi. > t 




the intensity magnetic forces , fisftr. 
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A. Table of the positions of the Points of Equilibrium at which a Magnetic Needle was retained at different 
hours during the day, by the joint action of two bar Magnets and of Terrestrial Magnetism, reduced to their 
true positions at the Standard Temperature (60°) of the Magnets. Note. The observatioDB were made 
within doors. 



> In taking the mean. 1 reject this observation as evidently irregular. 


MOCCCXXV. 


H 




m Mn 

Tq db&sm flptm cormst^ obj^iratbns the diurnal 

l^e Wf.lh^ 

silted t}ie m^ii Wi^^My-Mm atdife^ 

during die ai flie Me^ athiiirtte tlie |«iSats ttf 
llhddp at ti^^ h0Ws» ^d substituting tlieie aisimiuhs Bm--' 
cessively f<^ f in di® ®<iuatkai («), 

M ~ F {.Oo 4690814 + <KjC^a 9339 ^) 3 sa 0 , 

I die valt^ M m terms of F at those tours: 

dm&jg. to<ih of di^e vahes by the mhumum vali]^ of M, 
which m ev^ api^ears u> bai^peh at about io^ so® in 
the i^imng, I obtou the rdadve terrestrial magnetic in- 
tensi%s at the &m^ ofeseiyation. These residts are ccm- 
tained in the foBowiUg Ubie. 


B, T^Uxf ihe^m^ Teirmtrki Ma^etie IntmmMes a# Mffhrmt 
howrs during the deduct the preceding obsemidtfme. 

Note. Tbe tosemdous were m^e withiu doots. 












Bmm the hem, It that the tOTes- 

^1^1 iGte^ity WM the 16 asii ii 

0^feck ^ ^ ttei^, i^sWy, wte tite 

m thB tuagueie meiHian i that It tatrS^d ftcm i3^ €iiie 
until between 0 arid lo'^^ in the ev^&ig; ^erwl»fc|^ it 
decreased, and contmued dea:easing dtuing the morning 
until the 6me of the minimum. 

.Having by this reduction of the observations sprite within 
doors, determli^ the nature d ^ changes in tiie direction 
of the needle in that situaticm, independent of the changes 
which took place in the tempeiatuie of magt^ts, and 
thence deduced the diurnal dianges m the Intensity of the 
terrestrial forces acting upcai the ne^S^ I dm! 
similar observations which I made m idle open air, fc^ tiie 
purpose of comparing with them, when these had ali^ been 
cleared of the effects due n> ch^^es in tiie toaperatuie of 
the magnets, in order to determine how far there was any 
thing anomalous in the direetk^s of the needle whm in doors 
and when in the open air. I have alii^dy motioned that, 
for the purpose of making these observatimis, the apjmatus 
was placed on a table fixed firmly in my g^en, thfe 
nets being placed in earthen pans contaming water. Hie 
ob^rvatipns were made m the same maiper as those in 
doors, excepting that, as the mignets were here liable to 
greater changes of tempeiutiire, tiidr temp^tur^ were 
noticed at the beginning, and also at at the cmidutipnof each 
of ^e ch#rvations : they are contamed m ifeHo^ting table, 

where the set down is tibit at whi^ tiie oh^rvation 
the time pcxai^d in wh<de of each 

bfmg Iran femf to mx m^^ 



5« M*, Cimms m ^ tm^^n on 

Table of oU&rmAmi^ ia tlteppen air, m iki Di^arml €hange$ in the 

posUions ^ the P^U ^ Equilibrium ai which a Magnet NeeMe 
was retmned bp the Joint action of Terrestrial Magnetim, and of 
two boT Mmgn0s, having their as^s horimntal mi m the Magnetic 
Meriimn^ and their centres at the distance 21.52 inches from the 
centre of the needle. 












1M mWMty of 

^kmvaikns nude in the opm airf ^ e. 
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azimuths, so reduced to their mean meridian, are to be cor- 
rected for the difference between the standard temperature 
and that of the magnets. By means of tables III. and IV, 
repeating the processes described for the reduction of the 
observations made in doors to the standard temperature 6o®, 
I reduce these observed positions of the points of equilibrium 
to what would have been their positions had the temperature 
of the magnets been 6o® at each of the observations. Thes^ 
reductions are successively effected in the two following 
tables. 



Table of the preceding Observations reduced to their Mean Magnetic Meridian, 


th intensity of nu^etic forces, &c. 


55 






^ M** of on 

lli^ chiMra< 5 ter of the diurnal changes m jdie poaitims iiC 
Ae ^mto of ef^lihfiiM is very nearly the jmno for^h 

day, hut, in taking the mean, I can only make use Ae 
ohsi^ations of ihe aoth,^ist, ead, sim^ <ai the i^ih no ob^ 
servation oould be made at ao^ 30®, and the azimuths are all 
gi^er cm this day than on any of the subsequent, two 
oi^rvadons were unavoidably omitted on esd, 

Comparmg the i:esults with those obtmned from the obser* 
vations made in doors, we iind them agree as nearly as 
could possibly be expected. From table A it api^ars, diat 
when the observations were made in doors, the westerly 
point receded from the north until half past 10 o'clock in the 
morning, and approached the north during the remainder of 
the day until about 9 in the evening ; and from table C, that 
when they were made in the open air, the westerly point 
recced fn>m the north until about half past eleven in 
the morning, and approached it until six or seven in the 
evening, after which it again gradually receded. This is 
not a greater variation in the times of the maxima than we 
find on different days, either in the in-door observations, or 
in those in the open air. The easterly point appears to have 
receded from the north until about 10 o'clock in the morn- 
ing, when the observations were made in doors and likewise 
wfen they were made in the open air ; and to have approached 
it until between nine and ten in the evening in the former 
until six in the latter. 

Taking, as before, half the sum of the mean easterly and 
westerly arcs at different hours during the day as the mean 
azimuths of the points of equilibrium at tlmse hours, and sub- 
stituthi^ th^ for ^ in the equation («^), 

M — F ( .0044803s + .0007684093 cos.^#^) s=s 



c€ ^ by tite iaitra«i»i mimt t^ M^ 
I ftid, m before, liie rektiye testestrid mimetic 

■■■' ■ ' ./•.-..T 

D. TMe of Mm '^eem Terre^rml Mmgneiie 

rmi ^ dmducmdfrom th^ yrmmd&^g 

KiJle. 31 ^e pbs^iratloiis weip made in tbe 


Time of 
Ob^rratlon. 

M<»uoi of the OhserraticmjSf 

Assimoth of the 
Point of Equilibriunl. 

TermUha . 
Ms^eUc Intensity. 

h. m. 



e oo 

79 SO.o 

1.001 la 

7 SO 

79 51‘7 

1.00061 

0 OO 

So S4.7 

i.ooosS 

lO SO 

So 4 S .3 

i.ooopo 

Noon, 

80 S»*7 

1.00015 

1 so 

79 * 3.0 

1 .00134 

S oo 

78 53 .a 

1 .00188 

4 so 

78 34.8 

l.OOSSS 

d oo 

78 ao .3 

1.00251. 

7 so 

78 36.5 

1.00839 

9 OO 

78 4 a .3 

1.00209 


From these it appears, that the minimum mten^y hap- 
pened n^rly at the time the sun passed the magi:^a meii- 
dian, and rather later than in May, which was also the 
with the time of the sun^s passage over the meridian the 


♦ /riie tmadon, ?3 m 3I^ im dw dkect^n of die aeodile mH in the n^gc^c 

^£etislty» ftppem to hasre a lefcrcoce to the po$ttiao of the son widi reg^ to the 
lim^ietic meri^oi it Is prohahk, that the son h thepshidpal cause ofhodi 
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atedut 0 -iiadc m Ae 

after whkJi time it appears to have 4eereased ihtiftg ^ 

Tlie ctraimstsnce of ^ ^ |io^ la 

{^pears to ibc, md€p«ai4ent of elevatioii, tib^ coldest region of tlwEf globe* snppmed 
mh i$ |>y tbc fy/ct of adltEiinution of t^pcrature cansing m incfc^ of nmgn^ 
ihte^ki'* wduJ^ lead us to infer* ,0]tat tbe elTect produced by dbe sun i$ jprbielrsdty 
to W attiibut^ to tbe btat derdqped by it; but should any periocbcal dlfec^ 
c^i^onding ho the time of "flie sua*s rotation ab<mt its axis* be dbserralde in the 
Cdumal variation* we must suppose that the sun, I^te the earth, is endued with 
magnetism, and look fi>r a cause of this magnetism* common to all the planets* 
]^ng engai^ more than two yi^ ago in making smnc experiments on die effects 
produced on the needle hy unpolarized iron, I discovered that a peculiar polarity 
was imparted to tbe iron by simply nuddng it revolve about an axis; and this 
naturally suggested the question to me, whedier the magnetism of the mrth, and 
consequently* that of the other planets mid fhe sun, might not be owing to their 
rotation ? From the effects which I have observed to be produced on iron by its 
rotation, it appears pnob^le, if the magnetism of these bodies be not caused by 
their rotation, that at least the effects will he nmdified by, mid, to a certain extent, 
dependent on such rotation. Since first ohNserving the fact, that simple rotation 
will cause a peculkr polarity, if I may he allowed the expressioa, in iron, I have 
made a great variety of experiments on the subject, which have enabled me to trace 
dm laws according to which this polarity in the iron affects a magnetic needle, 
independently of the e^ct j produced by the mass. It would lead me to too great 
a length here to state the several effects that are produced l^ the rotation of iron, 
or the laws which govern than ; but I will briefiy mention one. Let us imagine a 
plane topi^ through the centre of an horizontal needle, at right angles to the 
meridian, and making an angle with the horizon eqmd to the dip; then, if the 
plane of a circular plate of iron coincide with this plane, and the plate be fix^ on 
m axis pasting through its c^tre at right angles to its plane, so that it can be 
madfe to rcriilvc in its own plane, the direction of the needle will be differs, 
4iccording as theseveial points of the plate are brought into any particular position 
by making it revolve in one direction or the opposite, excepting in four positions 
of the centre of the plate. If the centre of the plate Ire successively platrii to fhe 
oist or west of the centre of the needle in the same horizontal line, ami over the 
nee^e in fbe plane of Us meridban, ih<m the deriatioh of the^ needHe dae*‘to the 
rotation of the plate will be in contrary directions m the two cam, the |da*e 
revolving m the same direction in botii. These and other pacute tffiM 



'-' "; ■ ' - . ,' V ■:.:v. ■ ' 

Tlie gmertl agt^^mewt of these inteasitfes wkh ttoie 
ii^i tl^ obsafiradom laaile m is as -mw<m 

\m expected, consideraig that an toterval (d twenty 
days had oiapa^ between the two setsof obaer¥atioi^. Fnnh 
dtis, and tfie agreement in the mamier in wWoh the we^^^ly 
and easterly points of equibbrium approach and r^^<^ fitm 
the n<nth in the two ca^ss, which I have before posited out, 
we may conclude, tihat there is TOthing anomakms m the 
action which takes place on the needle under the diflferent 
circumstances of its being plac^ in doors or in the open air; 
and that the apparent anomaly in the <fiiections of the needle 
in the two cases, which was observed by Mr. Baetow and 
myself, arose from the cause which I have assigned for it in 
my former paper ; namely, the difference in the changes of 
temperature in the magnets when in cfeors and when in the 
open air. 

The diurnal changes in the ^rres^al m^inetic Intensity 
have been determined by Professor Hansteen, by m^ns of 
the vibrations of a needle delicately suspended. From these 
observations it appears, that in general the time of minhaum 
intaisity was l^tween ten and eleven o’clock in die morn- 
ing; that the maKimum happened betweati fcmr and seven 


roiatfen of the iron, md ate act jm>diiced by ai^ E'Sctiitt tm iim 
A$ the eiiectf are aot rery eomiderahle, to rmlea' them^ cotisj^kuoas it is 
aeeess^ to make ase a plate eighteen inches in diamet^, aivd to have its centre 
widun sixtaeai im^es of that of the ne^e. If the needle is nnder the h^uence of 
as in tik obi%snradons> the effects piodt^s^ by the rctadon of 



% ^ ajid ^m rn^m 0^d;©d^ 

evask^ fcH* the mouth of June. The in^ntl^ whW^ fe these 
ehsarvu^kms^ Is takeaa as unity, k ih^ 4^ue^ imm ^ uh- 
dming maurora boreaMs ; but for Ae pm^e 
of c^mp^cm, I have, for the months of May June, tskm 
the Intenshy deduced frmn his observations at lo^ m ^ 
momlag as unity, reduced the intensities, whkh he gives fm* 
other times in the day, to this standard, and placed them In 
the following table, with the corresponding intensities de^ 
duced from my own observations. 


Utteositf HAirsTXSir*s 

Obsmratious in 1820. 

Intensity dedneed from tfie iitece^an^ 
Obsenradoas in 1823. 

Time. 

May. 

June. 

Time. 

May. 

June. 

a. m. 

8 00 A. M. 
10 30 

4 OOP.M. 
7 PO 

10 80 



lu m. 

7 SO A. M. 
10 SO 

4 SO P. M. 
7 SO 

0 SO 

1.00114 

1.00000 

1.00175 

1.00220 

1.00231 

1.00061 

1.00000 

1.00233 

1.002S9 

1.00200 


Tte piincif^ difference to be observed in the nature of 
the chaises of intensity during the day, in the two cases, is, 
that from my observations, the intaisity appears to decr^se 
moie raiadiy in the morning, and increase more slowly in 
the aftemocm, than it does from those of Profes^r Hah- 
STEEN ; but the gaierai character of these ebangai k as nearly 
the same as we can expect from methods so diferait, at dif- 
foent times, and at places where both tiie variation and dip of 
the needle are dififerent My object howevar was, to pdnt put 















series A 

t iitire 4 ^hA, mtte tihan to the milta d^iiceii 

fmm them with ti^ oteuned by <^ers, fer wMdb 
it? teve }mm mc&smry to have ecmfimied ihaiE for 
l^^ter leti]^ of time. 

We have :^ii that with tte magnets I made tise of, their 
iiktsmky hemg n^riy aiB M, at 4 ie tem^ratnreoo*, aehimge 
in their tmi^minre of would cause a change of iotmsity 
cf o.iasM; or taking the intenmty of tte magnets i, for 
each degree of increase in temperature we should have a 
deoease of intensity of 0.0005^. Now if the same, or 
nearly the same, take place with all magnets, it is evidently 
necessary, in all cases where tte terrestrial magnedc intensity 
is to be deduced from the vibratiims of a needle, that great 
care should he taken to make the observations at the same 
temperature ; or, the precise eflfet of change of temperature 
having been previously ascertained, to correct the observations 
according to the difference of the temperatures at which they 
were made. I am not aware that any one has yet attempted 
to make such a (direction ; but It is manifest from the expe- 
riments I have described, that it is indispensible, in order to 
deduce correct results from the times of vibration of a needle 
in different parts of the earth, where the terapa:'at:ures at 
which the observations are made are almost necessarily dif- 
ferent, that these temperatures should be registered, and tl^ 
times vibration reduced to a standard of temperatuie. It 
appears to me, that the effects will be the most i^nsible in 
large and powerful needles; and consequently, in making 
use of sudi, the r^uction for a variation q£ temperature will 



1!^ Mr, m ^ m 

be Itee we^ fee m 4®c»lfy Irt tbte 

we cmM give m temis o£ tte intend^ ef nay 
lai^et or ileo^m^t of ktoiaty 

lag m n oertiki ^ecaement or iacremeat of tempei^wre nt di 
temperatures. To determine this accurately^ would however 
rajulm a gieat variety of experiments to ks made with 
magnet of very different mtensities ; but as I have mM m^e 
these^ I must ccmieiit myself for die pmsa^t with ptOTting 
out some erf the facts which I have ascertained frean mom 
ext^ided experiments than tho^ I have already given, re- 
serving the detail erf these experiments ftn* anc^her oppor- 
tunity, shcHild th^ be deer^d of sufficient interest. 

These experiments were made with a balance of torsion, 
the needle being suspended by a brass wire inch in 
diameter: by them I ascertained the following facts : 

1. Coimnencing with a temperature —* FAHUXNHErr, up 
to a temperature la?®, as the temperature of the magnets 
increased, their intensity deareased. Owing to the almost 
terfal absence of snow during the winter, I was unable m re- 
du^ lower the temperature of the large magnets which I 
made of ; kit from an experiment I made at the Royal 
In^utimi, in conjumtion with Mr. Faraday, in which a 
small magnet, enveloped in lint well moi^n^ with sul- 
|Aniret of carbon, was |daced on the edges erf a basin am- 
toning sulphurk add, under the receiver of m air pump, I 
found that the intensity of the magn^ increased to die lowest 
point to which the temperature was roiuced, and that ^ 
intensity decreased on the adimsskm of ahr Into the lecdvar, 
and consequent incr^se erf tempeiature m the maguo:* This 



fe in txi the notion which has }^m 

of desi%lhg th^ of the n^^fle b3r tfe ap* 

pfeicm ^ infeh^ cold. 

i. With a esettkih ihci^dinf of femperatnre, tlm d^eineiA 
^intensity Is ndt constant at aH temperatores^ bnt liK^eases 
as ffie tem^tatiire increases. 

s. From a^mpeitture of ahont 8o« the intenMty decreases 
very rapidly as the temperature increases: so that, if up to 
this temperature, the differences of the decrements ai^ n^rly 
constant, to ascertain which requires a precision in the expe^ 
riments that perhaps their nature does not admit ^f, beyond 
ihis temperature, the di^rmces of the decaem^ts also 
increase. 

4. Beyond the temperature of too®, a portion of the power 
of the magnet is permanently destroyed. 

5. On a change of traperature, the most considerable 
pordon of the eflfect, on the int^sity of the magnet, is pro- 
duced instantaneously ; showing that die magnetic pow^r 
resides on or very near the surface. This is more particu- 
larly observable when the temferature of the magnet is in- 
creased, little change of intensity taking place after the first 
effect is produced ; on the contrary, when the temperature 
of the ma^et is diminished, altlmugh nearly the whole eflfect 
is produced Instantly, yet the magnet appears to ccmtiUue to 
gain a small |K)wer for some time. 

6. The effects produced on unpolaiized iron by change of 
temp^ture are directly the reverse of those prcxluced on a 
magnet ; an Increase of temperature causing an increase in 
the ma^ietic power of the iron, die limits between which I 
observed being 50® and too®. That die effect on iron of an 



6# Mn CMistim m ^ m 

iiia!^ase id $lMmld he tevmm of that ftp- 

diiecd m a I t&lc^ a stroag 

the hypodiesis, that the action of iron njKm nee®b ailm 
from the which is CcHttmnnicated to it fmih the e^Elh. 

It naay be objected to Ae rn^od whbh I l^ve afopt^ 
for determining the diumd chimges in the i^rresttial m^- 
n^c intensity, dmt, after the observations have been maite, 
they require a coirecticm for temperature, which can imly be 
determined by experiments previously made an ^e nmgnets 
and needle employed. The same objection may, however, 
be m^e against the metlK>d of determining the intensity by 
the vibrations of a needle. As such a correction has not m 
the latter case been hitherto applied, the results which have 
been obtained relative either to the diurnal changes of in- 
tensity, or the intensities In different parts of the earth, fay 
m^ns of observations on the vibraticms of a needle, will be 
so far incorrect as the needle may happ^ to have been 
aflfecmd by differences in the temperature. The method I 
have described, however, possesses advantages over the 
other : a very considerable one is, that whatever effects are 
|n*oduced may easily be observed with considerable precisicai, 
the time required for each observation being not more than 
five minutes ; another is, that, the magnets being immersed 
in wator, as far as regards them, we may command the tem- 
perature at which the observations are to be made, and thus 
limit the correction for temperature to a very small quantity ; 
and it possesses another decided advantage, that whatever 
are the efi^ts produced on the ne^le by atmospheric 
changes, they are, by means of it, rmdered immediately 
visible, and can he observed as they omir. 



tlm iMmsity if m^m^w forces^ &c, 

It was my intatiiicai to commence a series of such observa- 
at die beaming of the present year, and to continue 
ttem f<n* as Icmg a period as I was able ; but circumstances 
piev^ted my t^mmencing at die tkiie J ptoposed^ and ill 
healtli has sinoe put it out of my power to engage in such 
continued observations as would be required : but I trust the 
task will he undertaken by otters who feel interested in 
investigating the phoenomena <^nnected with terrestrial 
magnetism. 
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n* The Qmmm Lectim. On the emtence 0 / Nerves m tie 
By Sir Eveeard Home, F*. P. B. S, 

Ileadi November s8, 1824. 

In the lecture which I gave last year, I attemjrteii to traix; 
the structure of the human brain to as great a degree of 
minuteness as is consistent with accuracy, by observing its 
appearance in the field of the microscope. This I should 
not have ventured to do under any other circumstances, than 
being as^ted by the eye of Mr. Bauer in examining the 
appearances, and in having correct representations of them 
under his hand, to lay before the Society, 

Without these peculiar advantages, I should have been 
afraid of being led into error, either by the fallacies to which 
microscofdcal observations are liable in themselves, or those 
which so frequently occur when the same eye is not em- 
ploy^ both in ascertaining the appearances, and in directing 
the j^ncil by which tiiey are delineated. 

As Mr. Bauer continues to indulge me with the same 
advmitages, I shall employ them in the present Lecture in 
posecuting my enquiry respecting the nerves; for as no 
anatomist before me has had the assistance of such an able 
coa^utor, it may never happen again; and I should feel 
myself undeserving of it, were I not to employ It in extend- 
ing our researches in minute anatomy. 

Tlis 1 have now been enabled to do in no mmmm degree. 
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by di^veiit^ iiei^es in toth the foetal and nmfeiml portions 
of the placenta. This discovery, I am proud say, ms not 
tte result of accident, but of a r^ularly arrangoi plan for 
that purpose. 

In ex^inipg, at my desire, the sttucture of the horns of 
the fallow deer during their growth, while covered with 
velvet, Mr. Bauer found them abundantly supplied with 
nerves. The circumstance of'nerves being met widi, where 
sensibility is not only unnecessary, but ev^ where the parts 
are unfitted for their office dll the nerves are removed ; which 
takes place as soon as the honis are full grown ; makes it 
appear that nerves answer some other purposes in the animal 
ceconomy, besides regulating the actions of the arteries ; an 
office which, many years since, I not only considered them to 
perform, but illustrated my opinion by the effects of irritation 
m the parvagum and great sym|)athetic nerve cm the carotid 
artery. Sinoj that time, by considering the incubation of 
the chick, I have been led to believe that the arteries are 
indebted to the nerves for their formation; and so strong 
was the conviction on my mind of this being the case, that 
even the circumstance of the placenta, whose blood vessels 
are very numerous, having been suspected to have no 
nerves, did not induce me to abandon it ; since until it is 
proved that the placenta is devoid of nerves, there is no 
argument against me. This was a point, of all others, that 
no one could so well determine as Mr, Bauer. I therefore 
most earnestly requested him to employ his microscopical 
observ^om on this subject, and supplied him with the 
placenta of a seal. In which the arteiies and veins had been 
hijected ; and as in that animal the umbilical vessels are not 
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t^sted^ will be more exposed, and the part^ 

htvmg fen in sprit, will have lost tam^rene;^ 
belonging to them m a recent state, by whldi they fess 
leadily disdnguidied from blood vessels. 

In fMs specimen, Mr. Bauee has shown that nerves are 
not only t^mspioLKHis surromidlng the mnbiii<al artenes, but 
has fefionstrated them in the portion beltmging to the 
literus. For ihe appeamice they put on, I must refer to the 
aainex^ drawing. 

I may here remark, that in no communication which I 
have made to the Ifeiety, assisted by Mr. Bauer's labours, 
has any appearance been mentioned or represented, that I 
have not myself distinctly s^n ; for although I am not equal 
to the race adjustment of the microscope, which indeed ap- 
pears peculiar to Mr. Baueh, yet, when adjusted by him, the 
appearances before they were described had been rendered 
visible to me. 

In lodking at objects so much magnified beyond what 
they appear to the naked eye, it will not be unnatural for 
many of the Members to ask, how I am sure that these are 
really n^es, and not the secondary order of blood vessels, 
too small to carry red blra>d, smd therefore, when their cen- 
ter^ have been coagulated, appear to be clKJids ? My 
answ^ to this question is, to recommend an inspction of 
the drawings; in which it will be seen, that these are not 
omfinuations of odier branches, but form a trellis-work upcm 
the arterial trunks, in a manner tc^ally dSflferent from any 
fifing met with either in the ramifications of aumes or veins ; 
and whan they are dried upcm glass, they reflect tfie light 
With a degree of splendour like the human hairs wfet tfee 



are ^Ite white* Wh^ the nerves ^ teiy exa- 

^eh fibfe appears to oi^st of a row of slai^ glo- 
hflfeis with c»ie i^Other. 

Atfltetime the nerves In tiie jrfao^ta were ^iseov^ted, 
Sr Stamford Raffles (whose tmsfortime in having lost 
the most valuable collecticm hvNatnm! History ever made In 
the East Indies by the ship taking fire, every one feel 
for ) hiought me from Sumatra the piregnant ntmis tli^ 
tapir of that country ; and as In that animal the tiitMical 
chord is connected with the chorion (there being no jda- 
centa), I examined the transparent portion of the ihmscai 
along which the branches of ti^ funis p^s, before they 
arrive at the spongy part, and there the nerves are so o&a- 
spicuous, that Mr. Bauer's representation of thOTi of €he natu- 
ral site is annexed. . , 

The principal object of the present Lecture is to esA- 
blish the fact of nerves existing in the placenta ; and in these 
animals in which there is no placenta, in the fioculent <ho- 
rion, which is substituted for it ; and it is a curious fact, that 
they should be largest in the latter. 

This discovery places the placentular circulation fei a new 
point of view, since, from the known Influence of the nerves 
on the blood vessels, it is reasonable to believe that, dtiring 
life, there are branches of communication between those of 
the uterus and foetus, although too minute to be explored in 
the dead body. The erecti<»i of the penis cannot be produced 
after death by injecting the arteries, although when the nerves 
are excited the smaller branches give a ready passage to the 
blood. Having traced nerves from the foetus to the maternal 
portion of the placenta, it will add to the value of this con^ 
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to gw mm€^ general mmmtmt the of die 

wMtii ail pp^ly the atoms df the mom esp^:htMy 

m these aie Kttk knewt in the differ®^ ds^ses ef amnails, 
ev^ to thme who are well versed m comparative aamtomy^ 
That some is performed by the ute- 

rine n^^is evident firctn thek number, the dfflfermt simrces 
from whidi they onginate, and the various ganglia by which 
the filamento are connected with taie another ; and that such 
a omaplex system of nerves is required for the well domg of 
the foetus in utero cannot be dmibted, since they become ai- 
laigM during pregnancy. Mr. Cmsak Hawkins has very 
kindly made the dissections necessary for this purpose, and 
I shall give in his own words the account he has drawn up 
of the distribution of the nerves connected with the organs of 
g^eraticm of the female in the human species, in the qua- 
druped, the bird, and the frog. 

** Hie nerves of the human uterus are supplied from six 
different plexuses. The spermatic plexus within the aMo- 
men, the great hypogastric plexus between the common 
ihsu: arteries, and four within the pelvis, two of which are 
situated on each side of the uterus. All of these have the 
peculiar appearance of the sympathetic nerves, and they are 
Ultimately connected with ail the other nerves of the viscera. 

“ Hie uterine nerves in the dog, cat, rabbit, and guinea 
pig, so nearly resemble those of the human uterus, that a 
minute description of them is unnecessaiy . The spermatic 
plexus is formed by branches of the renal ptexus ^d two 
nem'e^ lumbar ganglia of the sympathetic nerve ; it supplies 
^ horns of the uterus, the ovaria, mid apex of the urinary 
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** T!hss immmm afi^ 

tbe %6^y of Ae gives off a krge oerve of 

wlaA MpB 4ovm Into the pdvis, an<l 
numma^ns branches of Ae third i^umI nei^e, and j^a^er 
teemd^s ftom Ae ^^oofui and fourth ; a remarkable plexus 
is thus formed which contahis sevml dishiu:^ ganglia. It 
distdbates nerves to the body of Ae uterus, Ae vagma, 
bladder, and r^um, Ae int^uments of the upper p^ of 
the pubes, and the muscles of the inferior outlet of the pelvis, 
A few branches f^ss down to commumcate wiA tl^ fourA 
sacral nerve, where it gives origin to the pudic nerve. The^ 
nerves arise from Ae plexus m such a way as to resemble 
the ramifications of the venae vorticosas in Ae Aorpid mem^ 
brane of the eye, 

“ The difiermoe therefore between Ae nerves of Ae human 
uterus, and those belonging to tl^ uterus in Ae quadruped, 
ccmsists in the formation of only one lateral hypc^astric 
plexus, and consequently in Ae existence of only four nerv- 
ous centres in the latter. There appear also to be more 
ganglia in the plexiform distribution of Ae sympaAetic 
nerve. In Ae seal, several large ganglia are found in Ae 
Woad ligaments of Ae uterus, 

“ The nerves belonging to Ae female organs of birds are 
dis^ibuted as follows : 

‘‘ The sympathetic nerve is found dose to the origin of the 
spinal nerves, protected by Ae double heads of the ribs l^- 
tween which it runs. The spnd nerves that correspond to 
the lumbar and sacral nerves in quadrupeds near 

^h other, md m tbo sympa:Aetic nerve communioites with 
each of them, and forms a ganglion immeAately after tbdr 
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freda v^ebt^ matobst 

rtiiSS9§b]^i gaa^gfeiit pf 

nto^nsiis filimmtst go oiF bo ^ppiy the oviductij “ 
ri^Wf^aMs aiiii 4kti«hated ovam. r: 

Ae temihisrtion^f the ovMiict 

ii fomed; t^sriy satoikr to lateral hypogastrie pkiau^^ m 
quadittpeds^ which is distributed in a correspcHiding mamter 
to the oviduct and cloaca. Tli^re is also a similar pudental 
nerve.' '' ' ‘ ^ 

« Few^ ^nglta are fomed near the aorta than in quadru- 
pMs, and scsdrcely any branches are sent from the commcai 
hypegasiric plexus to the oviduct. 

“ M tim frog, as there is no proper sympathetic nerve, 
the abdominal viscera are supplied directly from the spinal 
nerves. These soon after they ^erge from the vertebral 
c^al, hi^me slightly enlarged : this does not deserve to be 
called a ganglkn. From each of the spinal nerves in the 
lower part of the back and loins, a small nerve is given 
off, wMch takes a direchon towards the centre of the bodies 
of the vertebrae, where they unite with each other, and with 
die o^rrespcmding nerves of the opposite side. By this union 
a flat nervous web is formed, wMch stretches across die aorta 
md exteids downwards into the pelvis : this is analogous to 
the splanchnic plexus in hot blooded animals. 

From the iq>per surface of this plexus many branches run 
upwards towards the intestmes and kidneys^ but the greater 
number are distributed on the ovaria. 

The lumbar nerves on each side give off sevaral branches^ 
vduch pass at once into the ovidket. The last lumbar nerves 
pa$^ down upon die surface eff the psose muscles, and near 
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pabes give off a Iniittchj 'wMcli- takes a citcuitous oaurse 
towards the lateral portion of the bladder, and the extra- 
nalty of the oviduct. Hie continuation of the aortic, or ab- 
dominal plexus, in union with some branches of the sacral 
nerves, forms on each side of the pelvis a kind of plexus,' 
which distributes branches to the cloaca and lower porticm of 
the oviducts. 

“ The nerves corresponding with those which have been 
described in the frog, run almost entirely in straight lines, 
instead of having the intricate reticulated texture of the vis- 
ceral nerves in hot blooded animals. The ganglia are in- 
distinct, and the fibres that compose them resemble those 
of the muscular, more than visceral nerves/' 

At the time I was appointed to give this Lecture, I had com- 
pleted an investigation, in which was traced to its origin the 
formation of the brain and spinal marrow in the ovum of the 
frog, and intended, upon this occasion, to have laid my obser- 
vations, illustrated by a series of drawings made by Mr. 
Bauer, before the Society, but having been so fortunate as 
to discover the nerves of the placenta, I did not hesitate in 
giving this discovery the preference, and taking the earMest 
possible opportunity of communicating it to the Society. 

Now that it is known by the discovery of the nerves in the 
placenta that the brain of the child, as well as every part of 
its body, is connected by the medium of nerves with the 
brain of the mother, we are led to understand the degree of 
dependence in which the foetus is kept during the whole 
time of utero gestation. 

The small pox being in some instances communicated from 
the mother to the child, which has until now been consi- 
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as an ei^tiwrdmary fact* attd not to be for, 

k readily ex|>lain^,: since absorption dep^ds fully as mudi 
upon nervous Influence as the actioii Cf the amries:: a child 
in uterolmving sui ague, is in itsetf almost a proof of the pla- 
mUa having nerves.^ 

A child being bom without a brain is not to be maiVelfed 
at, the nerves of the child being connected with the brain of 
the mother. 

The immediate division of the navel-string at the moment 
of the birth, in some particular instances having hazarded the 
life of the child, hinted at by Dr. Denmajst, shows the accu- 
racy of his obi^rvations. 

♦ There are several cases in the Philosophical Transactions of children haying the 
sf&sdl-pox in ntero, and one that was read bef<M^ the Society, but not published. 

Two of these were in England ; in boUi of them the child took the infection on 
or about the 14th day. 

One was in Jamaica; and the infection was taken by the child on the 8th day. 
This difference appesn^s to deserve being recorded, 

f Dr. Patwck Rtjssei:. states a case of ague occurring in a child in utero, in 
Aleppo, 

jhi June, 1767, a healthy young woman, in the seventh month of her third preg* 
nancy, was attacked by a tertian fever, and the foetus in utero appeared to suffer a 
paroxysm distinct from the mother. 

The fits in the mother returned regularly about noon, and terminated by a pro- 
fure sweat in less than ten hours. 

About 8 in the morning of the odd days, the woman felt the child tremble with 
great violence; she also felt a weight and coldness in the womb ; the coldness went 
f^ in less than 15 minutes, and was succeeded for more than an hour by a glowing 
heat; the child was at intervals restless, as she had felt in, her other children 
during pregnancy, but the trembling she never before experienced. 

After the sixth paroxysm the bark effected a cure. 

Dr. Russei., while at Aleppo, met with a few similar insfcmces, but had s^i- 
bmtoi them to the effect of imagination, which in this woman he could not do, as 
she was remarkable for her cheerful disposition, and good sense. Tr&m* 0 
Society for the Improvement of Medical and Chirurgical Knowledge, vol. iii, p, 
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Till discoveiy WM made, we had no mode of estima- 
inioenog that could be produced upon the child by 
aflfecdom of the mind, or the body of the mother; and 
theiei^re the instances that have occurred, were considered 
as idle stones or accidaital occurrences, for which no satisfac- 
tory reason could be assigned; and this upon no better ground 
than that they do not always take place under similar cir- 
cumstances, which nothing <x>nnected with nerves ever does. 

That they do sometimes o<xJur no one can be so hardy as 
to deny, and when they do, we cannot now be at a loss for 
a mode of accounting for their doing so. 

With the following well authenticated instances of this 
kind that have come under my own observation, I shall close 
this Lecture. 

The mare that in the first instance had a foal by a quagga, 
and afterwards three in succession by a Persian horse, all of 
which were marked like the quagga, can in no other way be 
explained than through the influence of the mother upon its 
young. In proof of the fact, paintings from life of all the indi- 
vidual animals have a place in the Royal College of Surgeons 
in London. There is also an account of the occurrence stated 
in the Philosophical Transactions, in which all the particularsr 
are detailed communicated by the Earl of Morton, to whom 
in the first instance the mare belonged. 

A lady while pregnant with her tenth child, the former 
nine being perfectly formed, was robbed in the dusk of the 
evening near Woolwich by an artillery man who had a hare 
lip the fright occasioned by the alarm was so great : that 
she did not recover from it for several days ; when brought 
to bed the child was found to have a hare-lip. I was called 
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upm to i^rform the operation. As the mot:her was very 
imtabie and nervous, and the: child unusually Irachous^ I 
uj^ every means of soothing the child previous to the opera- 
tmn ; . but after it was performed, the child never ceased from 
dying for diree days, and died at the end of that period. 

A lady of an unusually nervous habit, who had ^veral 
healthy children perfectly well formed, during a state of 
|H*^nancy, was opening the hail door of her house in the 
country, when a Newfoundland dog rushed upon her, and 
jumped up in play, putting his two fore paws upon her sides : 
the alarm and surprise was very great, but she soon reco- 
vered herself: when the child was bom there was a claret 
mark upon the two parts of the belly that corresponded with 
the places on which the dog's paws had been placed. These 
I afterwards removed, and the parts readily recovered. 

An Italian woman j twenty years of age, when by her 
reckoning three months and three weeks gone with her third 
child, was travelling in a caravan with the baggage of the 
Duke of Wellington's army, in the middle of the night, in a 
violent storm, while she was fast asleep, a small monkey with 
a long chain upon the roof of the caravan took refuge in it, crept 
under her loins, and fell asleep ; she awoke, feeling uneasy 
from the pressure of the monkey, and put her hand down to 
scratch the part, but came upon the monkey's head, by which 
it awoke and bit her fingers, and in its alarm got fast hold of 
her loins. The woman went into fits, and was some minutes 
before she recovered herself : it was expected she would 
miscarry, but she went her full time. When the child was 
bmti it measured between seven and eight inches in height, 
and weighed one pound. This was in France. The child 
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With difficulty ; it was canied afterwards 
to feeliad, and there was afflicted widi a hacking (x>ugh ; it 
was brought to England, in expectation of the cooigh being 
rdleved, but ffied Bom after> just before it completed its ninth 
year. I saw it beffii^ its death ; at ffiat time it was much 
emaciated, and measured exactly twenty-two inches. After 
death it was found that the fontinelle of the head had closed ; 
no fat was any where met with but at the bottom of the 
orbits. The uterus was as small as in a foetus between three 
and four months, not being at all developed, whereas in a 
new-born child it has acquired a considerable size ; it was 
closely attached to the posterior surface of the urinary bladder, 
apparently by inflammation: the bladder was distended 
with urine, and the size of a turkey's egg. As the child had 
never passed its w^ater freely from the time of its birth, this 
affection of the bladder must have taken place at the same 
time with the injury produced by the monkey's gripe upon 
the loins of the mother. 

I examined an abortion, which was considered by Mr. 
Clarke, Teacher in Midwifery, to be about three months and 
a half after impregnation ; and on comparing the ovaria with 
those of the dwarf, they were nearly of the same size, but 
not quite so long ; the difference however was scarcely ob- 
servable. 

Hie child when I saw it could walk alone, but not more 
confident in itself, or firm on its legs, th^ an healthy infant at 
sixteen months. Its sight was very quick, particularly in 
seeing bright objects; was delighted with every thing showy, 
much pleased with ornaments in its own dress, could speak 
in a veiy low tone and shrill voice, and had some taste for 
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mtisle, but had few: Ettg^sh tpp^ed feiy seiisIWe 

of kiiwfei0$a^ tod iieiucmbel^ tho^ feoui whcto it 

tad atttotioii* : ^ , 

Tta tas tad a fifth child m tatetei,^ wWbh> lita 

tar fom^ dhMreiv wasofttawntot»a to;e whto tani, and 
has nothing pardoJlar in its appCTratae.* / ' 

EXPIANATIbN OF TBE 
Plate II, 

Fig. 1. A small portion of the placenta of the seal, ex- 
posing the chorion by which it is covered, through which 
are seen the arterial and venal branches injected with wax, 
magnified four diameters. 

The folds of the chorion ccmtain the branches of the 
nerves. 

The cut edge of this portion exposes the structure of the 
placenta, which is more distinctly seen in Fig, 4. 

Fig. 2. The same portion as Big. 1. exposing the uterine 
surface, which appears to be a tissue of arteries, veins, and 
nerves, enveloped in a soft spongy coagulable lymph ; mag- 
nified in the same degree as Fig. 1. 

Fig. $. A small portion of Fig. 3. magnified ten diameters, 
to show the tissue, and the parts of which it is composed 

♦ Sktce iMs Lecture was read* two cases have heen slated to me, in which 1 have 
the mo^ implidt confidence. In c©e, a Lady in ^U'ly pmgnancy was frighten^ by 
a •sailor with cme wm, md her child was horn undar the same deformity. In 
another, this occurred kte in pregnancy. No effect was product on that child | 
but in her next child, although every alarm in her mind had subsided* the de- 
fotmhy tas i>tind to hai^ tjdten place. 



portions of nerves are shown 
Ae edg^ of the outline of the figure* 

fig. 4. A tmisyerse ;^etta the plamt^ magnified ten 
4iai&^r% sluiwlrig its st;mQture; the nervs^ sfit^ sp re»^y 
dkfir^guishfd hj ^c^se, from the bkx^ vess^, as tO; 
reqt^ no exjdanatkaB. 

Fig. & aitd 6, A sm^ floculus of fiie tissue .^parated, md 
magnified ten diametears, exposing the tmniaal hrmph of the 
umbilical artery (and its aceompanying no’ves), where it 
ends in pencilU of infinitely small rwn^cations. 

A. The pwcilh. 

B. Surface of the chorion. 

Fig. 7 . The mode in which the arteries ^ the umbihcd 
chord begin to ramify on the chorion, and dip down into the 
substances of the placenta, n^nified two diameters; the 
nervous filaments are distincdy seen. 

Plate III. 

Fig. 1 . A portion of the uterine surface of the chorion of 
the tapir ; natural size. 

Fig. 2 . A very small .portion of the same, magnified fifty 
^ameters. 

Fig. 3 . Lateral view of a seciion of the same; magnihed 
fifty diameters. 

Fig. 4. A very small portion of the foetal surface; jmg- 
nified fifty dimneters. 
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' ife. BAtffiR- s deiiaeatkm of titese nerves makes it unneces- 


:itey l jto i^ve any 'Verbal description of them. TTiey were 
spetimen belonging to Mr. Brooks, which had 
?^n ®epessfully injected, and preserved in sjfBrit for forty 
vyea^, wWeji ribrrowed for that purpose. 


Plate IV. 

•Fjgr 1 . A portion of the umbilical cord of the human pla- 
braAa; Itt'its natural form ; magnified fcair diameters. 

Fig. a. ; Tte same portionaiismvdled, to show the situation 
of the E^di^^within it ; magnified four diameters. 

Fig. s- A portion of the external membrane of the um- 
W£a|j<»id;'‘with part of the oeliukr substance, and a nerve 
; adhering to it ; magnified ftmr diameters. 

Figi nerve shown separatdy ; magnified ten 

' A p^on dF the mnion, with a double branch of 

a ner^e'passii^ aooss it ; ma^fied four dim^m's. 
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^ ta^oU. By SirMvEXJiAB Bt^, 
Read Kova»ber«5, ia»4. 

In the year i8a«, I laid before the So<^y a mn^ erf ob- 
servations on the progress of the fonnadcai of the dUek in 
the egg of the pullet, illustrated by drawings f rom p^eil 
of Mr. Bauer, showing that in the ova erf hot-blooded ainmals 
the first parts formed are the brain and spinal marrow. 

I have now brought forward a similar series on tl^ pre^ 
gress of organization in the ova of ould-Mooded antinals, 
illustrated in the same manner by microscopiod drawings 
made by the same hand. 

By comparing together the first rudiments of org^zation 
in tfee ova of these very distinct classes of animals^ I shall 
be able to prove that, in bodi, the same gena*a} pmdple is 
employed in the forthadem of the embryo, 

Ihis enquiry has its interest considerably by the 

ova ngt being composed of similar parts. 

Hie ova of the frog, which have b^n sheeted fmr this in- 
vesfigatlon, are fouit^ to have no yelk. If we thej^ 

ova in the ovaria in which they are formed, we find to 
dmdst of small vesicles of a dark colour ;v^dien they enter 
the oviducts they enlarge Jin dze, and acquire a ^ktinous 
covering/ ^ich increases in quanti^ In their course altmg 
those tubes ; but the ova can neither be saM to have aiquired 
Moceexxv. M 
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their full size, nor to have remved tteir propordcoi of jelly, 
till they anive at a cavity close to the termination of each 
oviduct, Ibnned hy a very considerable ^laigement of thoi^ 
tilths, corresponding, in many respects to the cloaca in 
which the pullet's egg is retained till the shell becomes 
hard; 

These lai^e bags, in which the oviducts of the frog termi- 
nate, when distended with ova, put on an appearance so like 
the enlaiged horns of the uterus of the quadruped when they 
are filled with young ones, that they have by some anatomists 
been tilled a double uterus. This, however, is an improper 
appellation. 

When the ova are deposited in these reservoirs, they be- 
come completely formed, and in a state to be impregnated 
by the male influence, which is applied to them in the act 
of their expulsion. As they are pressed upon each other, 
by being confined in a small space, the gelatinous covering 
takes on an hexagonal figure, in the centre of which is the 
ovum. 

The ova, when examined by a magnifying glass in a strong 
light, exhibit an appearance so similar to the molecule in the 
pullet's egg, as to be readily mistaken for it ; but a more 
attentive inspection shows, that it is only a white portion 
in the ovum, seen through the covering of the vesicle. When 
the vesicle is punctured by the point of a needle, the ojntents 
are so fluid as readily to run out, leaving the strong trans- 
parent membranous bag lined witii a fluid nigrum pigmentum, 
^pty. 

Immediately after impregnation there is no change in the 
appearance of the jelly, nor cd* the vesicle contained in it, in 
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Inspect i?crmpoiitog, e is^th wh^ teppem to the 
pint's egg^ Ti^ first change that fe.prcxinced Awards the 
fijOTiation of a» enibrycr is, the contents cd* the i^emcle ex*^ 
pind, its form i^i^anges from that of a sphere to an oval, and 
when c«t through its toitents axe no longer iuidi ' In the 
act of ajagulation, the central prrtion becomes of^a lighter 
colour than that which surrounds it, swells out m the middle, 
and Aere is a distinct line by which the two poiticms are 
separated from one another: the <^ntrah part, in future 
changes, is converted into brain and spinal mmowj ^d 'after 
these organs have acquired a defined outline, the heart and 
other viscera are seen forming in the darker substance. 

This does not exactly correspond with what takes place 
in the pullet*s egg, that of the frog having no yelk. In the 
pullet's egg, the part witWn the inner circle of the molecule, 
when impregnated by the male, undergoes the necessary 
changes to form the brain and spinal marrow ; the part 
within the outer circle forms the blood and its vessels ; the 
supplies out of which the other organs are to be pixxlueed, 
are afterwards derived from the yelk. 

The membrane that forms the vesicle which is destined to 
contain the embryo when it has become a tadpole, has a 
power of enlargement as the embryo increases in rize, and 
then performs the office both of the shell and of the mem- 
brane that lines it in the pullet's egg, at the same time serv- 
ing as a defence to protect it, and allow of tte blood being 
aerated. 

The nigrum pigmentum lining the yesdcle can only an- 
sw^ some secondary purpose, since it is not met with in the 
aquatic salamander, whose mode of br^ding very closely 
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iMt ci tjie frog. 

Bpa^m Is expDSi^ to ite mutdmg dfejt of &e miu, a»d m 
places wteto ttere is no tWs 

may fee givm ta&e ^gs a dejfenc^ ifer ^ y^ag dtning 
its growtli, wMdi <^iiot be r^nir^ iti tltee aqaatlc 

irnlamamfer^ since th^ are s^pbrately indcss^ ^tbin die 
twisted leaves of water plai^, and screened frc«ii die full 
force of die sim^s rays. Ti^ plant wfe^e leaves the aquatic 
sahunander most generally ^l^jts to lay its eggs uptm is the 
Polygcamm persicare. 

Expuination op the Plates. 

Plate V. 

Fig. 1. A female frog laid open, just ready to sh^ her 
spa^ ; natural size. 

Fig. a. The ovaria and oviducts 5 natural size. 

Fig. s. Ova of different sizes taken from the ovarium ; 
ms^ufied five diameters. 

Fig. 4, Ova from the uppar part of die oviduct ; magnified 
five diam^rs. 

Fig. 5. Ova from the dilabsd pordon of oviduct ; natural 
size. A B. Two ova that had been a few minutes in water, 
to diow the expanskai of jelly ; magnified five diameters. 

Flgc 8. An ovum from wWdi the jelly is removed ; mag- 
nified ten diameters. 

F^. 7. ITie same ovum opened, to show that the contents 
are fluid ; wten they are allowed to coagulate and dried upon 
glass, ramifications are formed as in coagulating bld(^ ; 
magirnied ten diameters. 
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Fig. lo. Hie magnified tei diamemrs. 

Fig, 11. Hie sailie opdied^;^ still fidd* 


in whidh ofi is foimd; magnifi^ ten dametm. 


PtATE VL 

Fig. 1. Ova six hours after being spawned on water; 
natural size. A. one of these ova ; magnified five diameters. 
B. The same ovum magnified ten diameters. C. Longitu- 
dinal section of the same ovum ; its contents in a half coagu- 
lated state, and putting on an organized structure ; magni- 
fied ten diameters. 

The rest of the ova spawned at the same time were kept 
in water, to watch the progress of the fonnation of the 
tadpole. 

One of these was not impregnated, consequently remained 
unchanged, while the others became gradually more and 
more organized. This abortive ovum is placed at the top of 
each cluster with a mark # 

Fig. s. The cluster of ova 12 hours after being spawned, 
diminish^ by tot examined In fig. 1. ; of the natural size. 
A. Om magmfied five diameters. B. The same magnified 
ten diameters. C. The same, formmg a longitudinal section ; 
magnified ten diameters. 

Fig. 3^ Tw^ty^our Imurs after being spawned. 

Fig. 4 ff Hurty-jtix hours after being sfmwhed. At this 
period the ovum has its form considerably changed, and the 
head and tail of the tadpole are distmctly seen. 
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J>. A side view, 

E. A Ipi^ptudinal section; all the views magnified eight 


,r^. si ^ days after h^g spawned, four diiFerent views ; 
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Plmm af Oiystab^ and the Laws accm^ng t& wUcb^dteyam 
formA By ^ Bev.V^v 'Wmmmxi F. R. S. Fdkw ^ 
Trindy Q4dle^^ €wfMdge. 

R^d Ndveml^r a5, i8s4. 

1 . It has been usual to calculate the Angles of tSry^!^ 
their laws of decrement from one another’ by methods 
which were different as the figure was differently related to 
its nucleus; which w^ consequmtiy incapable of any 
general expression or investigation, and wMch hM no con- 
nexion with the notation by which tfie planes oi the crystals 
were sometimes expressed* And the notation which has 
hitherto bean employed, besides being merely a mode of 
registering the laws of decrement, without leading to any 
ctmsequences, is in itself very inelegaiit and imperfect: The 
different modes of decrement are expresketf by means of 
different arbitrary symbols ; and these aie cbMbmefi in a 
manner which in some ca^, as for instance in €iat^ of in- 
teimediary dOTements, is quite devoid both shnpficNjy 
and of umformity, and indeed, it may 1 ^ aiddM, of precisicUi. 
Tl^ ojjjeirf dr the; presem pa^ M m propose a sysmm wMtJh 
seams 0 :^empt from th^ iii<^veniences, &d adapted m 
reduce tte maiiemati^ portion of crystallogmphy to a 
smal number ' df Mmpfe formulae of miiversaft applfeaticm, 
Ac^dlug to the here expliinMi each |dane of a 
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crystal is represcait^ by a symUA indicative of the kws 
from which it results; the symbol, by varying the indict 
<mly, may be made to represent any law whatever; and by 
me^is of these indices, and erf the primary ^gles of the 
substans^, we obtain a gmeral formula, expressing the 
dihedral angle contained between any one plane resulting from 
crystalline laws, and any other. In the same manner we can 
find the angle contained between any two edges of the derived 
crystal. Conversely, knowing the plane or dihedral angles 
of any crystal, and its primary form, we can by a direct and 
general process deduce the laws of decrement according to 
which it is constituted. The same formula are capable of 
bemg applied to the investigation of a great variety of pro- 
perties of crystals of various kinds, as will he shown in the 
sequel. We shall begin with the consideration of the rhom- 
boid, and the figures deduced from it; and we shall after- 
wards proceed to other primary forms. 

§ 1 . The Rhomboid. 

g. Let there be a rhomboid, A a. Fig. i . divided into a num- 
ber <rf small equal rhomboids by planes parallel to its faces. 
Let anyone of the points of divMon of each of its three upper 
edges be taken, as P, Q, R ; and let a plane pass through these 
three points P, Q,R. Let the small rhomboids which areabove 
this plane be removed, so as to leave a uniform assemblage 
of cavities. Then, the remmning surface P Q R, being comi- 
posed of the trihedral angles of small rhomboids, if we sup-? 
pose the small rhomboids to become smaller than the least 
distinguishable magnitude, the surface P Q R will appear a 
plane. And if we suppose these rhomboids to repr^ent the 
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primary form of a crystaHine body, P QR will be a secondary 
surface deduced from a certain arrangem^t of these primary 
elements. 

Let the three upper edges of the rhomboid, A x. Ay, A z, 
be considered as three axes of co-ordinates ; and let the cor- 
responding co-ordinates be x,y,z. We can then express 
the plane P Q R by means of these co-ordinates. If, for in- 
stance, we consider an edge of the small rhomboid as unity, 
and if AP, AQ, AR contain respectively g, 6, and 5 of these 
edges, the equation to the plane P, Q, R, will be 

and if the numbers of small rhomboids in AP, AQ, AR be 
respectively h, k, /, the equation to the plane will be 


+ T + T 


1 . 


If h, k, / be multiplied by any common quantity m, so that 
the equation becomes 

5i + & + ^ = *’°*’T+T 


^ + T 


■■m. 


it is clear that the plane P Q R will continue parallel to its 
former position, and may be considered as deduced from the 
same law as before. Hence it appears, that in the equa- 


tion -1 4 . X -1 = w, the quantity m does not serve to de- 
termine the position or law of formation of the plane, and 
may be any whatever. If we make m=o, the plane PQR, 
still continuing parallel to its former position, will pass 
through the point A ; and as we have to consider only the 
angles made by planes and their intersections, we may in 
such calculations suppose all our planes to pass through this 
point A. 


MDCCCCXXV. 
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of the plane PQR is com- 
ph^f ^ three qmntM we may re-* 

present it by writing those three quantities thus ; -jj 

or, if the equation be pjo ^ qy r^zszm, we may represent 
the plane by the symbol {p ; q;r). 

S. According to the law of symmetry which prevails in 
the production of crystalline forms, if one edge or face of the 
primary solid be modified in any manner, the other homo- 
logous edges and faces will be similarly modified. Hence, if 
one plane exist, other corresponding planes must also exist, 
and these we may call co-^cxistent planes to the first. 

Thus if we have a plane P Q R, Fig. s, and if we take 
AF = AQ, and AQ' ss AP, we must also have a plane 
PQfR; for the edges A?;, Ay being perfectly similarly 
situated, if one of them be affected in any manner, the other 
must be similarly affected. Hence, if we have a plane 
{p; q;r), we must have one {q;p;r). The same is also 
true of % ; and by Considering this in the same manner, it 
will be seen that the plane [p ; q ; r) has the following go- 
existeEit planes 

(r;q-,p) {p;r-,q) iq;r;p) {r;p;q). 
That is, there are all the permutations that can be made by 
altering the arrangement of the three quantities^, g, r; that 
the one which stands first in order being always the coefficient 
of X, the second that ofy, and the third that of z. 

These six planes may be represented by a single symbol 

• We might represent the plane by {h^k; /), which shows more immediately the 
law of its formation ; but in all our subsequent calculations we hare to use the re- 
ciprocals, and hence our formulae are simplified by using the symbol (p; f ; r) where 
p, r are the coefficients of the equation. 



ike mgks of ^ 

{pi f , r); it i>dng understood, that when ^u^n^ties 
separated by commas^ they are to be taken in all the ways 
in which they can be permuted, jhi the same manner 
{p,q; r) may represent the two planes {p^q; r) {q^pir), 
the permutations not extending to which is separated by a 
semicolon. In the case of the rhomboid, however, the per- 
mutations always include all the three quantitiesy in conse- 
quence of the similarity of its three edges. 

4 . We have hitherto considered only the planes produced 
by cutting off the upper angle ; " but we mayitepresem: in tibe 
same manner the plane produced by truncating any 
angle. It may be observed that the angles a?,y, fig. s, 
which are separated from the superior A by an edge, 
are called lateral angles. The angles y, /, , which are 
separated from A by a diagonal, are caMed tremor angles. 

Let pqr^ fig. g, be a plane produced by a truncation at the 
lateral angles : wp^ xq^ xr being I respectively. Produce 
r A beyond A, and take AP = xp^ AQ = xq, AR = xr ; then 
the plane P Q R will be parallel to pqr, and may be taken 
instead of it. Now it is manifest that the equation to this 

plane is _ -j. ^ = i ; 

and therefore its symbol is j — if/==X’ 
^ =a y, r = the equation is ^ p r ^ qy + rz sss m, and the 

symbol ( — p ;qir). Hence a plane which cuts off the 
lateral solid angles is distinguished by having one negative 
index. 

In the same m^ner let pgr, fig. 4» cut off an inferior 
ai^le so that ji p ss h, of q = k, xWssl: and taking 
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AP1sss£p, AQss^afq^ ARaa^n the plane PQR vfM 
parallel to pqr, and its equation will be 

or^x— .g^ — nsasi: 

and its symbol l-j-; — -j-; ~ Hence a 

plane which cuts off the inferior solid angles is distinguished 
by having two negative indices. 

It may be observed, that in both these cases the coexistent 
planes are given by taking the permutations of p,q,r; and 
may be repr^ented as before by ( — p, q, f) and (p^ — q; — r). 
There will in each case be six ; two for each angle. 

5. If one of the quantities AP, AQ, AR, or h , /, in any 
of these cases become infinite, we shall have a truncation of 
an edge of the rhomboid. Thus if AP, in fig. 2, become in- 
finite, we have a plane cutting off the terminal edge A jt, 
fig. 5. And since k is infinite, if g = - 1 , r = -L, the equation 

of this plane is gy 4* ^ ^ symbol ( o ; g ; r). 

In the same manner, making x'r infinite in fig. 4., we have, 
for a plane truncating the lateral edge a/y, an equation 
px — qysz 1, and a symbol {p; — g ; o). 

The terminal edges of Ax, Ay, Az, are not similarly 
affected with the lateral edges xf^fz, zx^, xy,ysf, sfx, 

6 . Instead of supposing the secondary faces to be produced 
by removing a part of the rhomboid A a, we may conceive, 
with Hauy, that this larger figure is composed by adding 
successive layers of the small component rhomboids to a 
rhomboidal nucleus ; and that the secondary faces are pro- 
duced by supposing the magnitude of these layers to de- 
crease according to any law. And it will be easy to show 
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what symbols, according to the notation here proposed, cor- 
respond to the diferent laws in the old system. Ihus 

A decrement on the superior angle is express^ by (p, q), 

A 

which corresponds to Hauy’s symbol 

^ X 

On a lateral angle by (^p,q,q) corresp<mding to ; 

X 

On an inferior angle by (p, — q, — q) corresponding to e ^ ; 

r 

On a terminal edge by ( o, q, r) corresponding to B ^ ; 

X 

On a lateral edge by (p, — 9, o) corresponding to G ^ • 

An intermediary decrement thus (/», g, r), corresponding 
to |A^B^C-~j and {p^ — q, — r) corresponding to 

(o'D^F-f). 

The symbols of the faces of the primary form are (/», 0,0). 

7. There is in fact, however, no necessity to suppose the 
secondary forms to be produced either by truncation of a 
primary one, or by addition to it. If we suppose that the 
small rhomboids, of which A a was assumed to be made up, 
are continued through all the space round the point A, we 
may conceive a plane to pass among these, parallel to PQ R. 
And this plane will be represented by {p; q; r) indepen- 
dently of any consideration of the rhomboid A a or the point 
A ; for if we take any pointy and from it draw lines to the 
plane, parallel to the three edges A x. Ay, A 2:, these three 
lines will be as ^ And any other plane may simi- 
larly pass among the small rhomboids, and be represented 
by ; g' ; r^). And if we obtain any solid figure contained 
by such planes, we may, by supposing those of the small 
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:riiomboM« which lie without Ais plane to he removed, have 
a proper repres^tation of a secondary crystalline form con- 
stituted by the aggregation of primary ones. 

Before we proceed to the calculations founded on this 
mode of viewing the subject, we may observe, that by in- 
creasing or ditninishing the three indices r in any ratio, 
the plane represented by them is not altered. Thus {p\ q\r) 


[np; nq\ nr) ; i j, &c. are the same plane. Hence 

iP '^9* 4) same as i ; 1 1 {p; p;o) as (i ; i ; o) ; 

and the primary faces are ( i, o, o). 

8. Prop. To find the dihedral angle contained between two 
planes (piq^r) r'), the dihedral angle at the ter- 

minal .edges of the primary rhomboid being «. 

If there be three co-ordinates any how situated so that the 
dihedral angle at the axis x between the planes xy and xz is 
tt ; the dihedral angle at the axis y, iS ; and at the axis z, y : 
and if d be the cosine of the angle which a line perpendicular 
to the plane y 2 makes with x ; e the cosine ctf the angle which 
a line perpendicular to xz makes with y ; / the cosine of the 
angle which a line perpendicular to xy makes with z ; and if 
^ be the angle of two planes whose equations are A a: -f- By 
^4- C‘Z s=sm. A' 4" ® -f* ^ ^ ~ have (see 

Tran^ctions tof the Cambridge Philosophical Society, Vol II. 
P.L p. eoo) 
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In the c£yse of ti^ rhomboid^ since the dihedral angles are 
equal, my0.iy are ^ual; and hence also d,^,/ are equal 
Hence 

AA'+BB'+Ce~(A' B+AB'+ A' C+AC+ B' C+BC) cos. « 

- COS. 6 = -7 : * 1 

^ I (A*+B^+C*-^ 2 <AB+AC+BC) cos.«) {A'»+B'»+C»- 2 (A' B'+ A'C'+B'C) cos. «.) j 

And if we putp, q, r, for A, B, C, A', B', C, we shall 

have the angle. 

If we have to find the angle of two planes resulting irom 
thfe same law, {/; q'; r') will be a permutation of {/> ; q;r); 
and the denominator of — cos. 4 will be 


/ + q* + — 3 (M *• 

We shall take examples of the usenf these formula. 

Ex. 1. To find the angle made by, two planes of carbonate 
of lime resulting from the law* (4,-^ 5 , — 5 )* ifhauz Car- 
bonatee Cuboide of Hauy), 

The primary form of carbonate of lime is a rhomboid in 
which the angle a is 105® 5', and therefore cos. « =; — .2603. 

Two of the secondary planes will be (4 ; — 5 ; — ^5) and 
( — ; 4 ; — 5 ) , and if 4 be the angle contained by these 


- 51 cos.» 


66 4 30 cos, 
:88®.l8. 


r: cos. ,0.97 


A variety of other rhomboids may be produced in this and 
other substances by other laws. In all cases, if two of the 
indices of the symbol be equal, as (/>, q,q), there will only 


* That this law is what Haui calls a decrement on the inferior angles of 4 in 
breadth to 5 in height, and is in his notatio.^ reprfKented by the symbol e A. 

The angles obtamed in tl^ text differ sliglUly from these given byJSAOT in con- 
sequence of his having assumed the angle of the primary rhomboid of carbonate of 
lime, 1040 .28^ .40'', for the convenience of using the cosine zz — L. 
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be three coexistent planes ; and If eaeh of these planes be 
repeated, we shall have three pairs of parallel planes ccm- 
taining a rhomboid. 

If the three indices in the symbol (/», r) be all diiferent, 
we shall have six planes, and repeating each of these, we 
shall have a dodecahedron consisting of two six-sided pyra- 
mids. To this case belongs the following example ; 

JSa?. s. To find the angle of planes in carbonate of lime, 
resulting from the law (i, — 2,0). (Decrement on the 
lateral edges by two rows in breadth. Symbol D®. Qiauw 
Carbonaiee Metastatique, Haity.) 

Two adjacent* planes are (1 ; — 2 ; o) (i ; o ; — 2), and 
preserving the same notation as before 


— ^ + — — -*325 , 9 = 104” 38'. 

By other laws we should find other dodecahedrons and 
their angles. But in many cases we have two laws, pro- 
ducing two sets of faces, and it may be required to find the 
angle between those of one set and of the other. 

Ex, 3. To find the angles of planes {2, — 1, 1) and 
(t, o, o). (Decrement by two rows in breadth on an inferior 
angle, combined with the primitive faces. Symbol P. Ckaux 
Carbonatee Imitahle, Hauy). 

Adjacent faces* are (2 ; — 1 ; — 1) and 1 ; o ; o) : and 


• cos. i 


2 -j- 2 cos, et 

3 COS. »} 


S2l/ 


I 4 - coa , » ^ 


.7022; 


9. We proceed now to the inverse problem ; having given 
the angles of the secondary crystal to find the law of its 
planes. And we shall first suppose the secondary form to 


* It will be shown afterwards how we may determine of co-existent planes which 
are adjacent. 
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be a rheanbdd ; in whkh case, as has already been observed, 
two of the indict in the symbol aie eq^nal. 

Prop. Knowing the dihedral angles of tl^ N^xmdaiy rhom- 
boid, to fiiRi the symbol of its planes. 

Let {p, q) be the symbol of the phnes, B the angle of 
{p;q;q) md(q;p-,q). 

& — ay f 4- f*- ( ?^ -f zp ? 4»-3 g*} cos. ^ 

* * * J)^+ zgr*— 2 (zpq + cos. ® 

Here cos. $ being known, we have a quadratic equation to 
determine q in terras of p, which as the proportion q : p only 
is wanted, is sufficient 
The equation will be 

p* (cos. B — cos. flf) + 2 / ^ (i — cos. u — 2 cos. a cos. -}- 
^ (l — 3 cos. a- 4 - ® CO®* d — 2 cos. aCOS. ^)=:0 
There will be for each value of B two values of -j, and there- 
fore two laws according to which the same secondary form 
may be produced. It is to be noticed however, that the direc- 
tion of the primitive faces, and consequently of the cleavage 
will he different in the two cases. 

10. Prop. It is required to find according to what law we 
shall have a rhomboid similar to the primary one. 

Here ^ = a : therefore the first sum of the above equation 
vanishes, and the remaining part will be verified either by 
^ = 0, or by 

lp(l — cos. a — 2 cos.* ^ (1 — cos. « — 2 COS.*«) = O, Or^=: — 

Therefore (1,0,0) and (1,-2, — 2) each give^ss*. 
The first indicates the primary face, and the form is the pri- 
mary form. The other indicates a decrement by 2 in height 
on the inferior angle, which it appears gives a rhomboid Iden- 
tical with the primary rhomboid, 

MDCCCXXV. O 
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1 1 Peop, Knowing the lateral angles made, at the termi- 
nal edges, by the planes of any bipyramidal dodecahedron 
to find the symbols. 

If we have planes (^, r) they will generally form a bipy- 
ramidal dod^^edron, and the six angles at the edges of 
each pyramid will be alternately greater and less. If g, r 
be the order of magnitude of the indices, p being the great- 
est, the order of the faces will be that represented in fig. 
(see hereafter the section on the arrangement of faces). 
Hence faces occur in the order {px q; r) i^qxpx J") pi q) 
See. : and if 6 be the angle of the two first, and ^ of the next, 
we shall have 

^ ^ ai>g 4- (p--¥ apr -i- 2 gr) cos. « ^ 

jp*4-g®+r* — 2 (pg + ?»* Hh 9 >") cos. 

^ 2 g r 4- (g*-f r*-f zpq r) cos. > 

gr* 4- r*— z{pq-+pr + qr) cos. » 

from which equations we have to determine q and r in terms 
of^. 

To eliminate in these equations would lead to expressions 
of four dimensions, and it will generally be simpler to find 
q and r by trial. If we assume for p any number, as is ; 
q and r, which generally bear to it very simple ratios, will 
in most cases be whole numbers, and may be found by a few 
trials. And if the ratios of q and r to p involve quantities 
which are not divisors of le, still the trials made on this 
supposition will indicate nearly the values of q and r ; and by 
trying other values for/*, we may obtain them accurately. 

If two of the indices, as g, r be negative ; the order of 
the faces will be (p ; — r ; — g) ( — ^ ; pi — q) ( — pl — 

&c. and the rest of the process will be the same as before. 

12. Prop. Knowing the angles made by any plane with 
two primary planes, to find its symbol. 
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Let {p ; g ; r) be the pkne, and (o, i , o) (o, o, i) the two pri- 
mary planes; ^ and ^ the given angles 


cos. ^ 
cos. & 


J^r) cos. 


V z{pq+pr-^q r) cos. « | 

ir-> ip 4- q) cos. » 

V 3 (rf + + ^r) COS » I 


whence g and r must be found in terms of p, as in last pro- 
position. 

Or we may find them directly thus. Since one of the three 
p, q, ris indeterminate, assume/>®-}-^-(- r^^2(pq^pr^i^qr) 


cos. IZ = 1. 


cos. — r cos. as — p cos. x ; cos. ^=r— ^ cos. a— p cos. «. 

Eliminating, we have 

q sin.® a = cos. ^ -}- cos. « cos. ^ / cos. « (i -|- cos. a); 

r sin.® a = cos. ^ -f- cos. a cos. ^ •\^p cos. a (i + cos. a). 

If w e substitute these values in the assumed equation multi- 
plied by sin.'^a, viz. 

J />®+ ^ + “ I sin.'* a = sin.*a 

we shall have a quadratic equation in p ; and hence p^ g, r are 
found. ^ 

13. Prop. To find what laws w'ill give prisms parallel to 
the axis of the primary rhomboid. 

For this purpose the planes must be parallel to the axis ; 
and the equation of a plane must be consistent with the equa- 
tions of the axis, w^hich are 


y = X, % = x. 

Let (/> ; g ; r) be the plane ; c, p w q y x ^ o \b the 

equation to it, supposing it to pass through the origin ; and 
since y = x, x ; we have pso-^q x^o p = ~(g + r). 

If rz=sq,pz=, — eg; the planes are { — e, 1, 1) and the 
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s^ondary rhomboid beccmies a regular hexagonal piism. 
(Example. Chaux Cmhmc^ie Pristm^^e. HAtiy.) 

In other cases secondary form is an irregular hexago- 
nal prism, the angi^ hemg equal, three and three alternately. 

14. Prof. To find die syiabol of a plane which truncates 
any edge of a given^fbrm. ^ 

tw if I (P ; Q ; 

be a plane which truncates the edge formed by their inter- 
se^ioa : the plane must be parallel to this intersection ; and 
th^^jequatiops to the intersecticm must be consistent with the 
equation Pa? + Qy + R = o. Now for the intersection we 
hmep&^+ q y ^ r zsk o, p' X + q^y + r'xzsz o : whence 
{p^—p'q) X = (g r'— g-r)*, (/r —pr')x^ (g r'— ^r)y. 
Muikiply + substitute, 

and«we haye 

P(gr'— g'r)+Q(/>'r— /r') + R(/>g^— /g) = o. 

And if P, Q, R fulfil this condition, (P ; Q ; R) will be a plane 
trimc^ing the edge as required. 

15. ^ Prop, To find the symbol of a plane which truncates 
an edge of any secondary rhomboid. 

Tins is a ppticplajr case of last Prop, when instead of (/> ; g ; r) 
(/; q*l the planes are {pi q\ q){q;p; g). Hence the 
equation of condition becomes 

^itrrTpq)^:Q(^--pq) + KiP^—q^)=^o 
or Pg4.Qg~R(/» + g) = o 
Hence if R =; g, P + Q=j^4.g, and with this condition, 
(P ? Q ; plp^ required. 

Ex, Required the planes which truncate the edges of the 
rlpmaboid produced by the law (3, — 1 ^ — 1) 

Etoe^«l^g ss $; the values which may he given to 
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^ are any numto wltese sum iis s; Hius {i, i,-^ i) 
(s, o, — • i) are truncating faces; 

(This rhomboid truncated by these two planes occurs in 
Hauy's Chmx Cmi^natee Pmgressm, Fig. 41*) 

The plaire thi]^ Jtetenmned isnil alwa]^ be fmraiiel to the 
intersecticm of the two |Mnest ■ but m m^r ’diat it may trun- 
cate the edge, It must meet both them <m tbfe r^Iy exist- 
ing part of each ptoe. This ecmdition is eksdy Intrc^ced 
in each particular case. 

1^. In ord^ to express, by mesms of the symlxds alr^y 
introdticed, any crystal whatever, we may wrtte dmm the 
symbols of the fac^ which it is bounded ; indica:dng by 
the punctuatkm the pertsutaticms which are aHoWed. It will 
be ccHivenient also to imtrk the number of the fa<hs which 
arise from these permutatSdns. In the rhomboid, when all 
the three indices are different, this number be six. Wh^ 
two are alike, it it ^11 be three. Thus ( 6 ) (p, g, r) may indi- 
cate that the crystal has six faces arising from the law ex- 
pressed by (p, q, r) and (3) (p, p, f) m^y represent a crystal 
with three faces arismg from tfie law (p,p, t); which is 
what would, accorhng to Haw, be called a decrement on an 
angle at the summit. 

It ohm happens that faces m a Crystal are repeatad ; that ' 
is, that there are faces parallel to one another, one of which 
may be considered as a repetition of the other. In that ^se 
we may distinguish them: by placing a 2 before them as a 
multipBer. Thus 2 (3)(p,p, r) indicates a rhomboid pro- 
duced by repeating each of the three faces represented by 
(p, p, r). This is in fadt the mode in which a rhomboid is 
always prc^uced. In the same manner % (^) (p; q, the 
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riejcgr^* |tot in 41 ca^^ s%fes, 

md tbaj; #ie xirigi^jof co-ardina^ I t;w0 fC 

oMr co^diml^s along two edges of the and tl^ ^ird 
ah^ I^gth of the pri^^ we ^hs^ he aWe to express 
the , se<x«rfaty planea m the, same marnier as in the eaise of 
the rhomboid. There will Imw^er be soim additicml c<m- 
sidera^ons to inp’oduce* since the ^ges of the prkm may be 
of different magnitudes ; ai^ its angles/not being symme-; 
trical likethose of a rhomboid^ we shall no longer have the 
same <x)existent pkn^ which we had in. the former case. 

hi order to ptrc^uce the first considepation, let w and y, 
fig, 6, he the x^-ordinates in the direction of the edges of the 
l^e, and z in diat of the lengfli of the prism. Let the space 
bounded by the co--pr<finate plaiies be filled with small 
similar piisnis, imd let their edges ki the directions z be 
a, h^c respectively. Let a s^ndary plane P QR be formed^ 
by t^ing away ii. prisms alcmg fte edge a?, k along y, and ^ 
I ^png % ; then the teigths of AP, AQ, AR will be h a^k h; i c 
r^perfy^y ; and the equation to the plane will be 

If we call A ; B ; C ; we sMll have the ai^k 1^- 

tween any two planes by the formula* Art* 8 ; putfii^ for 
y and for ffa^ values. Ifet tf we 



In^^& co-^cimts of 

^ ■fiil"^ii^; ai 3 r^ te''|j# y^.for A, B,'G-m 

fSanes n^e eadi c^her. 

We sl^ use li^ MteWBg tatos ; ^^miMc pmm is 
who# %ai^ iS a iftibaittus : in Mvjm rhtmMc prim^ Wg^ 8, is 
one iii"wWcii Ae Sides are not at tiglit angles to the base, tiie 
angles erf tite sides, as BA», GA i? ibdbg eqdal. A dMy 
€k^m prim 7 , is <nte in wiadl the angles trf the Sides 
at the Mse BA a?, CA z aae iHi^ual* I^sitfs are called 
car nctmguksr when thdr bases are so : and when the base is 
a parallelogram with unequal sides, arid angles not right an- 
gles, the prism is called Besides these we have 

a prism which we may call the Mique rectmgular prism* 
fig. 9, in which besides the two r^angukr ends we have 
two sides, as <!:» and the opposite one, also rectangles. 

1. The dbrMy^Ukfm Prismy fig. 7. 

18. In this, rince the angles are all different, no one of die 
sedid angles (A, B, C, D) is smilar to another. Hence tf a 
plane be foimed on one <rf the angles, there is no plane 
cess^ily formed on anotb^ angle ; consequ^tly a plane as 
(p;q; r)or (p;— — r)dms not necessarily imply any 
existent plane, and the symbol is to be writt^ with the nmric 
( j) betwmi the indices, to show that no permutadons are 
allowed, 

hef tte of the imbtractive prisms in last article be a, 

* We B* as 0^ piimi, by wMck a^ans it wo^d be a 

JNttbeme^jd adopted text 



dii^tioH AB, h in ihe A e m Ihe diiieefiw 

Asr. Then pntdng A, ^ fqr A, B^ C in the formuja^ Art, 

8, we shall have the angles made by seomd^ planes. 

Conversely^ io3©wing the angles made by sec^^y 
we may de^rmine A, B, C, as before^ an 4 %wh*^*^ ^ ^ 
found m crystahi the same substance, vadaus values of 
A, B, C, we^have , 

f BS > Cc . 

md Oyi^i^ Bre to be asaimed m th^ q:fi amt r;^ may^be 
numm^ ratios as simple as possible. 

e. 7 fk ab/igue limmbic Prism^ fig. 8. 

10. In this case the angles » AB, % AC, and the sides AB, 
AC are equal; and cons^uently the two faces «AB, zAC 
are symmetricaf ; and whatever secondary plane is formed 
TOth reference to one, we must have a co-existent plane <x)r- 
responding to the other. Hence, if we have a plane {p\q\r) 
we must have a plane (f ; p ;\r) and we may express both 
the^ by the symbd (p, f ; r) the (,) indicating tibat the co-or- 
dinate x and y may be exh^ged, % remahiiiig the same. 
And diis is true wh^er p, 5, r be positive or n^atiVer 
Here having fotmd pj qr, and r we have ha^ ka^ ic^ 
and bare equal, and their values are to be determined as 
before. 

3* The oblique rectangular Prkm^ fig. 9- 
eo. Here the solid angles A and C are similar in all re- 
spects, A bdng conrnmed by two i%ht angles BAC, CAz 
and the angle BA », and C by the angles DCA, AC o, oCD 
^pl to them* Hmce whatever |dane be 
must have a coexistent plane on C, agreeing with it, exbapt 



thi^ or 4 iimte in AC is ito tibe ^rac^ic^: that is 

(p; q ; r) (p ; r) ai^ <K>-existmt planes. These m^y 
InclfMlM in the formula (^ ; ± ^ 

4. The fight Miqm^^fed Pri^^ fig, 10. j/ 

ai. It is obvious that the opp^te angles A and D 
base of this prism are similar in all respete ; and vdth any 
secondary plane formed on erne of them, we must have a 
co-existent similar plane m the otha*. That is, we must have 
a second plane, whm a? and y are negative, as they wei^ 
positive in the first, Hmce (p; g; r){— /•— r}are ^ 
existent planes ; and we may express them thus (±p; + q^r) 
it being understood in such symbols that the upper signs are 
taken together, and the lower together. 

5. The right rhombic Prism, fig. to. 

S2, Here, the opposite angles A, D ai-e similar, and also 
the adjacent sides. Hence with a plane (p; q;r) we have 
co-existent planes { — p; — g; r)(q; p;r)( — q;-^p;r). These 
may be included in the symbol (± p, ±q ; r) the upper signs 
being taken together as before, and p, q being permutablf as 
is indicated by the comma. 

6 . The right rectmguiar Prism, IX, 

35 - Here the four angles A, B, C, D are similar. Haioe 
{p;qxr ) has co-existent planes 

{—/.;5r;r)(^; — g;r) (—/»;— 5; r) 

These may be included^in the formula 



the signs l:^ng taken in horlzcmta! pairs/ 
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% l^ ri^ squim Prism, 

%%, In this case, beside the co-ejdst^t plai^ ’i^rhich we 
have in the last figure, we shall have those whidi arise from 
OHisidering that the sides AB, A€ are syma^rical, that is 
^and g are pemtrtahle. Here the symbol is 0 

this will give eight secondary faces. 

^ Ths Cube, 

S5. This dififers from the last in having the edge in the 
dimtion « similar tb thc^e in x and y. Hence p, q, r may be 

permuted and the symbol is | + q, r) which gives 24 se- 
amdary faces.* 

There is no necessity to vary the sign of r, for the plane 
(p; q; — r) is the same as (~p ; ~ g ; r). 

f S. The regular Tetrahedron and Octahedron, 

26. hi riiis and other cases where the figure is bounded by 
more than three planes we shall make three of the primary 
faces co-ordinate planes, and die remaining primary faces 
will be expressed by different s3rmbols. Also the co-existent 
planes will be differently represented accordingly as they are 
on one an^e or another, and we shall in each case have to 
d^mnme the different forms which will thus occur. 

Let Ax yz, fig. 12, be a regular tetrahedron, and let A a?. 
Ay, A r be three co-ordinates. 

* In s<ane cases hcmirever, we have only half the number of feces which the lair 
of sjnnmetry would Thus in the case of the pentagonal dodecahedron derived 

from the cube> the law is (a, i, o); but the feces which occur are (a j i ; o) 
(I ; o; a) (o; a; i) which by the changes sign become 12. The other la which 
arise from the symbols <1 j 2 1 o) (a j a; i) (oj i ; 2) are excluded. 
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the ^gles are symmetrical, we miti^ haye a€©e:ri^^ plai»^ 
at mty other angle, as , a 

Let Ap sss h, Aqssk, A r sa / 5 and let a?P sas j? Q sail, 
^Ras/; it is required to find the equation to the pbne 
PQR 

Draw w M andy K parallel to PQ and we have^ if A^sss^, 
X K = Xj; . ^=44.; .-. AK = a(i -i-). 

Also AM = Av. 4 f = j- 

Similarly if xN be parallel to PR, we shall find AN *=: 

*T 

Hence the equation of the plane N x M is 

•f + {‘ -“tR +(* “'tIt “ * ’ 

«’■ t + (t— t):>' + (t~t)*==t* 

And the symbol of this plane will be 

(A. A A. A M 
\ h~ h — Tr 

And the plane PQR is parallel to N x M, and will have the 
same symbol. 

If A i. r, the symbol of the plane PQR 

will be — q ; /> — r). 

In the same 'way we shall have at the anglesy and x, plmes 
(q—p;q;q'^r)md(p — r;q — r;rX 
But the edges Ax, Ay, Ax are also similar, and th^efore 
p, q, r may he permuted in any manner. Hence we have 
these co-existent planes 

(P. ?. d. iP’P’-i,p — r),(q --p, q,q^r), (r~/, r— g , r). 



10^ Mr, m 

It tfiat m each the inilcea which 

ar^ sepaatated by OHnmas may undergo mf f^rmutation. 

The first symbol (p^q^r) gives B said the three 

oth^s also 6 ^each, making in all 24. 

if l 3 ^ prinmry fom be known to be a i^gular tetrahedron , 
it is evident that the first symbol (/>, g, r] must be understood 
as implying also the rest. But in order to express all the 
planes we may include them in one symbol thus 
{{P> ?. r) {p,p — q,p — r) &c. I 
the &c. implying the coexistent planes, 

27, Prop. To determine tl^ symbol of the planes which 
truncate the edges of a tetrahedron. 

The plane truncating the edge a? is (o ; g, and henc^ by 
last article the general symbol includes the planes 
{o,q,r),{q,q,q-.r), {r,r — q,r) 
which gives 12 planes. We omit (o, — g, — r), which is 
identical with (o, g, r). 

If g 5= r the planes are expressed by (o, g, g), which gives 
3 planes; but in order to truncate the six edges, each is 
used twice, and the symbol is 2 (3) (o, g, g). 

The regulwr octahedron is bounded by the same 4 planes as 
the tetrahedron, each being used twice ; and its symbol is 
b(*) {(1,0,0) (1, 1,1)}. 

Its edges are also parallel to the edges of the tetrahedron, 
each being used twice. And any plane which can be deduced 
from the octahedron, may with equal simplicity be deduced 
from the tetrahedron. 

28. Prop. In the regular tetrahedron to find the angle 
ccaimlned by planes (o, 1, 1). 
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The plane ®gles of tte tetrahedron are 6o^ ; mi henee, to 
find its dihedral angles, we have to find the ^gle of an 
equilateial spl^iical triangle who^ Mes are 60"^. If iis be 
this angle, we have 

.% eos . » sas cotan. 60 . tan. 30 = tan.* 30= 

3 

Let 6 be the angle of the planes (o, 1, 1 } ( 1, o, 1), and 
we have by the formula 

— cos. $ = L r J ^ ~ o because cos. =; — . , 

2 — 2 cos. • 3 

Hence the angle of the planes is a right angle. And in 
the same manner the angles made by the other planes will 
be right angles. The figure will be a cube bounded by the 
3 planes {o, 1, x) twice repeated. 

Irregular Tetrahedrons and Octahedrons, 

29. If we have an octahedron composed of two right 
quadrilateral pyramids, similar and equal, set base to base, 
we shall call this a right octahedron; and it will be termed 
square f rectangular ^ or rhombic, when the base is so. The 
tetrahedron, from which the right rectangular octahedron is 
derived, may be called the direct symmetrical tetrsbedron ; and 
that from which the right rhombic octahedron is derived,' 
may be called the inverse symmetrical tetrahedron^ on accotmt 
of properties which will be explained immediately. Also, 
all the planes which can be derived from the octahedrons, 
may be derived more simply from the oxrresponding tetra- 
hedrons ; and we shall find the coexistent planes, and the 
angles made by the faces, in the same manner as in the 
previous cases. ^ 
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1 4 . aM i!kMkeSm, 

so. Let A xy z, fig, is, be a tetralieifr^, mid let ail to 
edges be bisected, and the bisections joined by lines drawn 
in the faces. We shall thus have an octahedixin DEFGHK. 
If we consider EFHK as the common base of tbe two pyra- 
itilds of which the octahedron is composed, when EFMK is 
a rectangle, the octahedron is called rectangular ; and wbai 
EFHK is a the octahedron is called square. 

EFHK be a r^angle, the octahedron being a right 
one. Then all the faces of the octahedron will be isosceles 
triangles, of which DEF, DHK, GFE, GHK will be equal 
to each other, and the other four also equal to each other. 
Also, it is easily seen that the triangle Ay z has its sides 
double of those of EFG, and is similar to it ; and similarly 
xy z has its sides double of KHG. Therefore the two tri- 
angles Ay %, xy X are both isosceles, (y % being the base,) 
and are equal in every respect ; and similarly y Ax and zAz 
are isosceles triangles equal in every respect. 

Hence the solid angles at y and z are equal in every re- 
spect, and also those at A and x. And a plane passing 
through Ax and through the middle of yz would divide the 
tetrahedron symmetrically into two equal portions. Hence 
we have called this the direct symmetrical tetrahedron. 

We jnay suppose the solid angle A to be filled with paral- 
lelciapeds^ the planes of which are parallel to the planes 
Aary, Axz, Ay in the same manner as the solid angle 
A,fig. i- And by removing these parallelepipeds according 
to^any law, as in fig. i, we obtain a secondary plane, of 
which the symbol and the equation may be known from the 
law. 
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31, But since Ae solid wgte at A md at x ai^ symmetri- 
cal, for every plane at A we shall have a co-existent plane at 
z,* of which we shall find the ^uafion. 

We may as before suppose A^, Ay/A ^r, to 
nates, and with any phne pqru A we shall have a co-elist- 
ent plane PQR at x, such 4 :lmt 4: P, Q, arR are equal to 
A A g, A r respectively. 

Prop. The symbol of p g r being (p; q;r) to find the 
symbol of PQR. 

Let the small compon^t parallelepipeds have the edge in 
direction Axssta^ and the m directions Ay, A^ ^h 

=sc r (these being equal). i^o,to Ay ^ Az^nc,f 

And let the plane pqrhe obtained by taking away k molecules 
in the direction Ax^km the direction Ay, and / in the direc- 
tion As?. Iherefore Ap tssha^ Aqsskcy Ar^lc: and the 
equation to the plane is 

IS + 

* The parailelepipeds of which the solid is suppose to be made up at je, are sot 
in the same positioa with those of whkh it is ^opposed to be qmde up at A. Those 
at 4r are bounded by phmes pa^el to Axj^y xz, as those at A are by Uie 
planes which meet at A, If the crystal be divisible according to all the planes of 
a tetiahedron or oc^edron, there axe four different kinds of pandlelepiped of 
which it may be conodved to be composef, con^pon^ag tp th^ four angles A, ;a’, 
y, X, And we may take any mie of these kinds widi equal propriety. In fact, the 
mode of conm^g asdmidaty plan^ to be formed ^ c^noicdi^ parallel^ipeds, is 
im a$$itm|^oii to be cqMtdbred e^ so far as it exIdHts the dq^dence of 
sec<md^ plan« upon Uie ^plid^ of thq^Tati<^ P = ? ? **• 
t If we suppo^ A ( to be itade up of parallelepipeds. Ax, A $, and A z having 
equed fdmberx Of thm, planes paraUel to a'jrz will pass throng^ sdl their angles. 
And if inskad ps^aHek^peds^ we smppoae Uiat we hstfe oidy |K^ts in space 
wh^ the su^l^s of siould b^ the itoeswhidbt are determined 

by any adjacent three points will be the four planes, Axy, Axz, Ayz,xyt. 



Mn WnmwuL m c^kuk^g 




or if ^ 2S ‘I*, 5 =5 ^,rissz 

dm symbol c^ wluch is (^ ; f ; r). 

Draw y O, xM {^araltel to PQ, meetmg Ax Ay. Then 

XO: 


ajy . 4;P ^ 




i»c . Ag , «^g 


.% AO=:Ax — xOss=l?£r(l — y] 

nkc 

'in* 


. m « A«.Av «a.iic nkc 

AM=-j^= Ti =: 




Similarly if xN be parallel to PR, AN = 
Hen<^ the equation to the plane x M N is 


A+(i. 

«o * ' 


and the equations to planes pqr and PQR are 
^T+9^ + 9T=1’ 

Pt^ (/— ?)t + T=”* 


and their symbols are (p; q; r), [p;p — q;p — r). 

Also the edges Ay, A z are symmetrical ; and hence we have 
two other co-existent planes (p; r; q)(p — r;p — q). 

These are included in the formula ^(p ; q, r) (p ; p — q,p — r)| 

The solid ^gles aty and z are also symmetrical; and a 
plane being suppose to be formed at y as before, we must 
have a co-existoit plane at x. Let he a plane cutting 
off the angle y , and b being the edge of a molecule in the 
diimion yx, lety/',yq',yr'=4^, Ic respectively, and 
let X F, X Of, X R' =y/, yi^yr’ respectively. Then p* <f r' 
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md O' E' will be qo-exisjent planes ; and the cqnditicm of 
their cp-existence is induded in the preceding symbol. 

The quantities a, 6 , c are zs na, nb, n c, that is as A 4 ?, y 5? 
and Ay, Or, refernng to die octahedron in fig, 13, they 
are as FH, FE, and FD, 

The square Octaheebwi, 

se. When EFHK, fig. 13, is a square, Ax,yz will be 
equal, and the solid angles aty and x will be symmetrical to 
those at A and x, and will be similarly afected. Hence for 
a plane at A there will be co-existent planes at y and z. 

Prop. To find the symbols of co-existent planes in this case. 

If we take zP^,zQ, z R', =Ky/, y q\ y r',=s Ap, Aq, A r re- 
spectively, we shall, as m last article, find the equation of the 
planes p* q' ^ R to be 

— 4) + (1 — 4) 

^--T)r. + (i-T)fc + ^='«' 

and since ^ ^ r=-i, these are equivalent to 

iq-r)±^{q-p)^^q±^^ 

Hence with a plane [p% q\f) we have co-existent planes 
(g— r ; q ; f and (g— r; ; g). 

But we have also a co-existent plane {p;r; q) and therefore 
also (r^q;r;r — p)and(r — q;r — p;t) ^ 

Hence in the ^uare octahedron we have co-existent planes 
which may be included in this symbol 
\ (pi 9. r){p-,p—r,p—q}{q—r-, q, q—p) {r—q-, r, r— /)} 
All which are implied in (/ ; q ; r), 
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the syihbol of a pkrio darkM 
from tka tetetedtm^ to find ih^ tfS^raier in wWdi it cuts 
octah^rcm, Fig. is. 

ietl^R be any j^aiie at the angle A", and let PQ 
DKandDE in S andT .-. DS= 2^ =DP . ^ =DP . ^ . ^. 

^d drawing QL parallel to DE, DF =2^^^ 

Also QL = AQ and PL = AP — AL = AP — AQ . ^ = A <3 

^Ar.f=(A_A)« 

.-. DT = DP . ^ =4= DP . tAt- ==: DP 

In the same way we find the portions cut off from BH and 
DF: and hence it appears that a plane (p; q;r) cuts off 
from the four edges, which meet at the vertex D of the pyra- 
mid, lines which, parallel to the edges in the directions Ay, 
Az, xy, xz.kfe ^s 

' Y* 

In whatever manner the plane BEF is cut by the plane 
PQR, the plane DHK will be similarly cut by the co-existent 
plane at x. 

S4. Henee^ knowing tl^ law by which a secondary face is 
derived from the octahedron, we can find its symboL 

The primary form is a isquare octahedron ; to find the 
symbol of the face ®E* (Ex. Tk'cmnnibmmre^ PiKVY). 

This plane is drawn cutting off the angle E, in such a man- 
ner that the portions cut from E F, E G are double of those 
from EK, ED respectively ; and the section on the fac^ EFG 
imrallel to FG or to Ay. 

Since the part cut from EG, parallel to A is double of that 



farallel 0 mi is dif^on, 

I^:s±: ^0Tp^q:Ss^r, 

r r 1 

Also since the sectfoo is parallel to we must have |=o. 

Hence (s ; o ; i) is the symbol required. And the coex- 
istent planes are 

(e;o, i;(2; 1, 3 )(— i;o,— s) 
each of the parentheses gives two plan^, and hence we have 
S arising from this law, 

35* To find the angles which these planes make with the 
planes of the octahedron. 

Example, Zircon unilnn^^Mj^Y* 

In the square octahedron, which has been considered as the 
primary form of zircon, the angle of two adjacent faces of a 
pyramid is tss® 15', and the angle of two opposite faces 
measured over the summit is 95® 40'. (Phillips). 

Hence the dihedral angle at Ax, which is (op) the angle of 
the planes EFK, FDH, is 95® 40'. And {^,) the angle at Ay 
is the angle of DEK, FEG, and is therefore the supplement 
of the angle of HFG, EFG, and it is therefore = 56"* 45^ In 
the same manner (7) the dihedral angle at Az is 56® 45'. 

In order to apply the formulae of Art. 8, we must find the 
values of d, e,f. Let XYZ, fig, 15, be a spherical tri^gle 
made by describing a sphere with center A, meeting. A x. 
Ay, A% in X, Y, Z. Then if XD be drawn perpep<ficular 
to YZ, d = sin. XD, similarly if YE be perpendicular on 
ZX, sin. YE, mdfssse. 

Now by Napier's rules, since XYD = 56® 4^, and YXD 
» I (95® 409 =5=47® 50', r , cos. 56® 45' = cos. XD . sin. 47® 50 
.% rfssssin. 4S® It 5 df= .67301135. 
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Alsdf .<J0ISU XYaseoMi. 5^45'» COto* 47° 50' A XJ^s=s43®a'f 
^4 YXE « 180 -- 00° 40^ £=K 84^ 

♦\ r . sin. YEssssiti. XY. san. 84®»o' /. €= 8 m 4S° si';^s== .^64552 
Tlietw plmm of which we have to find the angle, are 
(81o;i)(i;0;o>. 

by the formula, Art, 8, 

i ^ cos. $ 

— cos. S = ^ "T _ - _ 2/— <icos. J3 

To find 6, let tan. «= — cotan. d ; and 

we shall have, — cos. 6=:=^^=: sin. 0 . a 16 = 00® + «. 

By the values above given, we shall find « = 60® 4S^ and 
A 6 =ss 150* 43'. The value given by Mr. Phillips is 1 50® is'. 

It may be observed, that (s ; o ; 1) is the side adjacent to 
the primary plane (1 ; o; o); and that we obtain sides adja- 
cent to other faces by taking corresponding co-existent planes 
from the formulas in Art. ss- 
Thus the primary faces (1 ; o ; o) have adjacent secondary 
faces (s ; o ; 1) and (2 ; 1 ; 0). 

The primary faces (o; 1 ;o)have adjacent(i ; 2 ;o)and(i 1 ; 
The primary faces (o ; o ; i)have adjacent (1 ; o ; 2) and (1 ; 1 ; — 
The primary faces (1 ; 1 ; i)bave adjacent (2 ; 1 ; 2) and (2; 2; 1) 
Here instead of ( — 1 ; o: — 2) &c. we have written (1 ; o; 2) 
See. whidi represents the same plane. 

§ 5. Inverse symmetrical Tetrahedron and fhmUc Octcdiedrm. 

SB- Let A xy z, fig. 16, be a tetrah^ron ; and let its edges 
be bisected, and an octahedron formed as befoie. In this 
octahedron, let EFHK be the rhombic base; mid the two 
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pyraimcb wfeidi oppose the octahedron heing right ones 
and equal, it is evident that the four lines DE, EO, OH, HD 
will be equal, and the four lines DF, FO, GK, KD. Now 
Ax is double of FH, and sy of HK. Hence Axisssryz. 
Similarly Ay and A % ==; xy. Hence it appears that 

the four triangles which form tibe rides of the tetrahedron 
have their sides equal respectively, and are therefore equal 
and similar. Hence the four solid angles A, x,y, «, are con* 
tained by equal angles, and are symmetrical. Thus the 
angles x Ay, y A % Ax are equal to A x x, y x %, A xy. 
And -this tetrahedron may be called an inverse symmetrical 
tetrahedron. 

From the law of symmetry, whatever plane is formed at 
the angle A, we must have a ccMBxistent plane at each of the 
angles x, y, x, the equal and opposite edges being similarly 
affected. 

37. Prop, a plane being known, to find the co- 

existent planes. Fig. xq. 

Let A X, Ay, A x be « a, n 5, « r. 

Ap,Aq,Ar=:ha,kb,ic; md. pssz-^,qssz^^lzsz^^ 
X P, X Q, X R are ha, kb, I c. 

Draw y O, X M parallel to PR. 


Similarly if x N be parallel to PQ, AN = 


H^ce the equarion of the plane xNM, which is parallel 
to FQR, is 
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(» - fl + ( " - = » or ^ T + (^ - >■) f + (i? - ?) f = » /- 

and its symW 13 

In tlie same manner die angles gives a plane (^—r ; q ; q-^f) 
and the ai^le % a plane (r^q.% r-^p ; r). 

H^ce the co-existent planes are 
(/»; 3 ; »•),{/ ; — r ; /> — j), (? - r; ^ ; g —f), (r-q ; r-p ; r). 

These four planes would truncate symmetrically the four 
faces of one of the pyramids which compose the octahedron, 

, and planes parallel to them would truncate similarly the 
planes of the other pyramid. 

38. Prop. To find the portions cut from the edges of the 
octahedron by the plane (piqi r). 

Let the plane P, Q, R, fig. i6 and i8, meet DK, DE, DF, 
DHinS,T,U,V. Draw QL paraliel to DE. Then 


DS=DP.f=DP.^‘==DP.-t.|. 

QL = AQ-g- = U4=Ac.AL = AQ^=i5.f = *«;PL=(A. 


DT==:DP ^ == DP 


==DP.- 


SimiMy DV and DU would be DP . ~ and DP . -L- . -i 

J r a r^p « 

Hence DS, DT, DU, DV are as-~ . b,^€,~ b,± c. 

Hence for the four co-existent planes the edges cut off are 
respectively as c t ^ , 

T’ ? "tP* ** ’ 


r^p' r' q f— p’ 
'-•d c b 
i ’ r-^p^q^P^ 

b c b c 

r^p* q^p*J* T' 
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The wcmld be nearly the same te tte ease 

of the squs^e octahedron, article $5. We should have to 
calculate d, e^ffrom Ae angles of the octahedron. Thus in 
sulphur, according to Mr. Philcips (p. s^i) we have inci- 
dence of 

GEF on OEK = 106® 30 ; a angle at A x = 73*^ so = y 

GFHonGFE= 85 * 5 ; .% angle at Ay = 94*55 = j 3 
GHF on DHF= 143^35; /. angle at Ax =36® 35 = a 
And if we construct a triangle, of which the Aree angles are 
a, 0 j y, and draw arcs from these angles perpendicular on 
the opposite sides, the sines of Aese arcs will be respectively 
d, And by first finding the sides of Ae triangle by 
spherical trigonometry, these may be calculated. 

§ 6 . The regular triangular Prism. Fig. 19. 

39. This is a right pdsm, having for its base an equilateral 
triangle. It includes the regular hexagonal prism by re- 
peating Ae lateral faces. 

Prop. To find Ae co-«existent planes. 

By the law of symmetry, for every plane on one angle A, 
we must have co-existent planes <mx,y. hetfqrhe any 
plane whose symbol is {pi q; r), and the lines Ap = h, 
Aq = k, Ar=/, when j&= -|-, = r=-l- Then we 

shall have a plane PQR where xP = ^, xQ = ^, xR = /, 
Draw X M, y O parallel to PQ. 



Similarly if xN be parallel to RP, AN = Ax .|^s=s ss 
Hence the equation of the plane x MN is 
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+ = ^ orj>x+ rsBsss^. 

.% its symbc^, ot that of PQR, is ^ ~ r). 

Similarly, aty, we shall have a plane {q ^p ; q ; f% 

Also, since the edges Ax and Ay are symmetrical, we 
have a plane (q;p;r). And hence the co-existent planes are 
(/>;?; r) (p;p,~.q;^rXq—p;q; — r){q;p;r) (q; q~-p; — r) 
{p-^q; pl^ry. Which may be included in the symbol 
{(J>>q-':r){p,p — q-, — r){q,q—p‘, — r)] 

§ 7. The rfmmbic Do^cahedron, 

40. If we take a regular tetrahedron w xy z, fig. so, and 
from its centre of gravity A draw lines A to, A x, Ay, A z, 
the angles made by any two of these lines will be the same. 
And by taking planes passing through any two of these 
lines we shall have six planes symmetrically disposed, each 
of whidh will make an angle of iso® with four others. A 
figure bounded by planes parallel to these planes, each taken 
twice, luid symmetrically disposed, will be the rhombic 
<k)decanedron. 

We may consider the three lines A x. Ay, A x as axes of 
co^-ordinates ; and any plane pq r which cuts them must 
have co-existent planes cutting any two of them and A w. 
Also, as the lines Ax, Ay, Ax are similar, in a plane {p,q,r) 
we may present the indices in any manner. 

41. Prop, To find the symbols of co-existent planes in the 
rhombic dodecahedrcm. 

Let a plane pqr cut w A produced in O, Let x, y, z be 
the co-ordinates of the point O. The equations of the line 
Ate are y2±:x, xssx. And if the equation to the plane 
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shall have the a>-c^diiiates 
of ^e point O by combining these equations, H^ce we 

have px-^qx^rx=.m^oTx=. 

But if the co-ordinates x^y^z be projected upon AQ, we 
shall have AO=± Ax cos, x AO -{- Ay cos. y AO + A 5? cos. 
% AO. And since cos. x AO = cos. y AO = cos. z AO = f, 
AO = i±^ = x. .vAO=:-^. 

Now let -f- -j- r'x = m be the equation to a plane 

which cuts Ax, Ay, Aw in the same manner in which 
(fi;q;r) cuts A x. Ay, A x. Therefore the portion cut off 

from ry A produced will be Also the portions from 

Ax and Ay, are 


Hence 


p'+ f + ^ 


/z=p, q'=q,/+q'+r'= — r. ; r 'z=—/> + q + r. 

Hence if (j>;q;r) be a plane (f;q; — /» + 9 4 - is a co- 
existent plane. 

Also the axes of x,y,z being symmetrical, (/; g;r) has 
co-existent planes (p, q, r). And making — ^ ^ + r= s, 

we have the planes 

{P^<l>r){p.q,s)(p,r,s)(i},r,s). 

Each of these symbols gives six permutations, so that we 
have in'all 34 co-existent planes. 


§ 8 . On the arrangement of secondary faces, 

4«, When crystals have faces determined by the laws mti^ 
sidered in the preceding pages, they will have the foitn of 
polyhedrons bounded by polygons ; and in order to deter- 
mine the dihedral angles, dec, it will be necessary to know 
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ib order the fac^a occur, and wMch are ac^ac^t. This 
imy fee ^ne b Mowing main^ : 

Let AI fig* SI, be any parallelepiped of which die edges 
A jr. Ay, A % are Let an ellipsoid be descaribed, of 

wiudb the center I, touching three planes of this pamllele-* 
pip^ m B, E, E. If we siippose any secondaty plane, de- 
duced from this par^elefaped, to be drawn so as to toudb 
the elli^oid in P, the situatbn of the points P will determine 
die pc^ifion of tl^ planes. Let A a: -J- By * 4 ^ ^ ^ ^ ^ 

equ^on to the plane. The equatkai to the ellipsoid will be 

<e “ ^ ^ c* 

And that the plane may touch the ellip^id, the difierential 


co-^effidents and 1 must be the same in both. Hence 

fdv\ A 6* (a-^x) /rfz\ _ A «* <a— 4r) 

B (1^) ’ [dxl C (c— z)‘ 


’ And substituting in 

^(a—x) +3^ (a 


Tlierefore ^ 

the equation to the ellipsoid we have 
B* . V. . c» c* . 


-^y + ^(a-xf-. 


_ ' Aa 

.% a----X=as;j^ 



Oc^) 

Knowing the position of the points P for all the planes, we 
have die polyhedron, on the supposition that it is made such 
^at the ellipse^ can be inscribed in it ; which is always pos- 
«We by supposing the plai^ to move parallel to themselves 
iffl diey touch it. 

We shaU see moie clearly die" position of the points P if 
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we suppose it to he Jeterminedi by ai^ular distsuK^s like the 
longitude and latitude on a globe, assuming as the axis of the 
elfil^id that about which the figure is symmetrical. 

4$. (i) In the rk>mboidL Here A.r5s= Ay = Aia?=: 
suppose lA be taken as the axis ; and a plane API 
drawn, let the angle between this plane and lA x called 
the longitude (x) of the point P ; and let the complement of 
AlP be caMed the latitude (fi) of P. 

Let the co-ordinates of P be called X, Y, Z. Then the 
plane API has a point A, of wludi the co-ordinates are o, o, p ; 
a point I, of which the co-ordinates are 1,1,1; a point P). of 
which the co-ordinates are X, Y, Z. Hence its equaticm is 
(Y — Z)x -h (Z— X)y + — ^Y)2 J==:o. And the equation 
to I A X is y — 2; = o. Therefore by the formula for the angle 
of two planes, Art. 8, 

—2X4 Y4Z-(gX— y-Z>cos.» 

V I a(<Y-ZP4(Z-X)^4(X-Y)*42(X*+y»4Z»-.Xy^XZ-YZ) cos. «) | 

If the symbol of the plane be (p ;q; r) its equation is 
p X 4 * + rx== m ; and hence 

^ X = y ; and similarly for Y and Z. Hence 

cos. A = . Op-f-r)(,+c.s..) ^ . 

2 yT I (/ 4 j*4 — pr — gr) (I 4 COS. *) J. 

»V (/ 4 4 r* — — r ^ — ? 0 • ^ “t" ^)' 

To find ^ ; if we draw PM perpendicular in Al, and call 
IP, r, we shall have IM=: r sin. f*., and will be greater as 
IM is greater. Now if IM, NO, OP to the a)-ordinates' of 
P measured from I, ^d if we draw perpendiculars from 
N and O on lA, we shall see that IM = (a — X) cos. ^ + 

(x — Y) cos. ^ 4 (a — Z) cos. ^ where f is the angle which AI 

makes with A x. Ay or A z. 
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By these formulae we may determine the arran^OT^t of 
any set or sets of secondary faices. Thus if we have a syttfhol 
{^, r) in whidi^ > ^ > ^; we have 6 faces. The expres- 

sion for r sin. p. is the same for all : hence they aie all at the 
same distance frmn the summit B. And cos. x will be greater 
as » p^q — r is, or as $ p — g + r) is so. Consequaitly 
die values of cos, x taken in order of magnitude wiE corre- 
spond to {p\ 9 ; r) (^ ; p ; r) (r ; ^ ; q'). The other three values 
be the same, viz. (p;r;q) {q;r;p) {r; q;p); and indicate 
Icmgitudes on the other side of A x. 

The arrangement of the planes is represented in fig. es. 

It is to be observed that as the order of the Jint index 
is p, q, r, beginmng from x, the order of the second index is 
p, r beginning fromy, and of the third p, q, r, beginning 
from«. 

44. (2) In the Prism. Let the line IF, fig. si, parallel to 
A %, be taken for the axis of the ellipsoid ; and let the posi- 
tion of P be determined by (x) the longitude which is measured 
by the angle between the planes FID and FIP ; and by ji. 
the latitude, the angle PIN. 

It is evident that tan. x will be greater as ~ is greater. 
Let (p ; <l ; r) be the symbol of the plane, and its equation will 
be^^+^ + li = i. 

a * h * c 

And the values of lO, ON, NP, will be 

pa qb rc 

TWTtl^y +?* + »*)’ V(p*4f*+r»)* 

Hence tan. X will be greater as || is greater; or as ^ is 
greats; because a and h are (xmstant for the same substance. 
Also sin, p* is greata- as PN is greater ; that is, as 
is so. 
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Md hence we may arrange ^ faces in the order of thek 
longitude and latitude. 

We might in the same m^er find the position of the 
planes for other primitive forms, but what has been done will 
generally be sufficto. 

§9. On ^ angles made by e^s. 

45. If we have two lines referred to any co-ordinates, of 
which the equaticms are y = Aa:, Br, y =s A'x, s;= Fr ; 

and if the plane angles of riie faces be known ; viz. the angle 
which X makes withy=^, the angle which x makes with 
and the angle which y makes with Zz=zu; we shall 
find 6, the angle which the two lines make with one another, 
by the formula, 

I 4 AA'-f BB'4< (A 4 A') cos. ^ 4 * (B + B') cos,4' + (A' B + AB') cos. u 
V (i4A*+B*+ 2 Acos.fi +aBco$.4' + 2 ABcos.*)(i 4 A'‘+B^ 42 A'cos.^>+ 2 B'cos. 4 -+ 2 |A'B'cos.i») 

(See Trans, of Camb. Phil. Soc. voL ii ; P. I ; p. 202.) 

When we know the symbols of the planes, the co-efficients 
A, B will be found by eliminating y and x in the equations of 
the pl^es where intersection is considered. 

Ex. In a rhomboid it is requked to find the angles made 
by the opposite edges of a pyramid formed of planes (/», q, r). 

By referring to fig. 22. it will be seen that opposite edges 
are those which are produced by intersections of planes 
(/';q;r)(g;fi;r)ir>d(g;r,p)(r;q;/>). 

To find the equatimi to the first line we have 
/?x-|-gy+rx=o 
qx^fy+rzzso 

whaice y i=sx, X = ^ X. , 

In the same manner we should find for the second Ime 





Mr. WnEWWL @n minting 
for A» B, A', F in the formula, we bavo, ^ce 

I + , + (m+ i±r) + i±r| cos. p 

^(i + i+ ^EiiL+acos.^i^^cos.?!— a^^cos.?>) (i + i+ — 4- aces. ^--2?^cos.^s-.zt^ cos.?i) 

3pr+pq+^^ + qr—z(f+r^+pq.i-qr — pr) CQs.p 

“* V' ({;> + ?)‘+ * ♦**—* (P 4- ? — r) rcos.?)) (g + r)* + * 2(? + r — ^);> cos. ?•> 

And if we take any other opposite pairs of planes, ’,r;q) 
{q;r-,p)wA{qxp-,T){r\p-,qy,or{r-,q-,p){r-,p-,q) and (/i; r; q) 
iPi shall have the same value for d. Hence this 

angle may t)e used as the characteristic of a pyramid pro- 
duced by any such law from a rhomboid : and consequently 
of a dodecahedron resulting from repeating the faces of the 
pyramid. It is employed in this manner by Bournon in cha- 
racterising the dodecahedr^s of carbonate of lime. 

§ 10. Recapitulation. 

46. It may be useful to collect in one view the results of 
the foregdng investigations. If we take a solid angle of the 
primary form of a crystal for the origin, and the three edges 
for three co-ordinates, any secondary plane may be obtained 
by removing a pyramid, the edges of which consist of A, ky /, 
molecules respectively. F we make /> = i-, ^ = -h, r = -h, 
the secondary plane may be represented by (/> ; g ; r) which 
will express its positicm without deteimining its distance 
from the origin: p^q^r may be positive, o, or negative. 

By the law of symmetry with respect to the angles and edges 
of primary forms, if one secondary i^iie exist, certain oth^s 
must also exist, which are hence called co-^mstent planes. 

Some of these are obtained by permuting the order of the 
letters in the symbol (p, q, r) ; and the instances where this 
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perniutation is allowed may be cbstii^mhed firo^ those 
where it is by separating the letters />, g, r in the former 

case by a o^ama, and in the latter by 

a semicolon. The 

other co-existent planes in each pnmary form be seen In 

the folio wmg table. 


Table of planes which exist if (p 

; q;r) exist. 

In the rhonAoid . - - 

(/. 9. r) 

The doubly-oblique prism 

(/>;?; r) 

The oblique rhombic prism 

lpyg;r) 

The oblique rectangular prism 


The right oblique-angled prism 

{±p'.±q\r. 

The right rhombic prism " - - 

{±p>±q-,’) 

The right square prism 


The cube - - - - 



(+^’+9,r) 

1 

'{p’q>^) 

The regular tetrahedron and r^ular oc- 

1 

1 

tahedron - - - 

'{q—P> q>q—A 
(r—p, r—q, r) 


\{piq> 0 

The direct symmetrical tetrahedron and 

'^■•p—r.p—q) 

square octahedron 

{q—^i q> q—P) 

(r—q; r—p,r) 


(piq;r) 

The inverse symmetrical tetrahedron^ 

(pip — np — q) 
Xq—rtqiq—p) 

and rimmbic octahedron. 


(r— q ; r—p ; r) 
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The r^ukr triangular prism ; - (ff 

9;— d 

(g,9— 

The rhombic dodecahedron ; - - j?> 

(f,q.~-p+9+^ 

(fi, — ^ +9+ r, r) 

(— />4-9+n9.^) 

A crystal may be represented by uniting the symbols of 
the planes of which it is composed, And it will be conve- 
nient to represent by a figure in brackets thus ( 6 ), the num- 
ber of faces which arise from each symbol. Also frequently 
the crystal has parallel planes; in which case one of them may 
be considered as a repetition of the other ; and the plane thus 
doubled may be indicated by writing a 2 before it. Thus 
the form of borate of magnesia, called by Hauy magnesie 
borate^ d^ective^ may be thus represented. 

Primary ; a cube. 

Secondary; 2 ( 3 )(i, o, 0) + 2 ( 6 )(± 1, 1, o) + ( 4 )(± 1, 1, 1) 

Indicating •— a cube 2 (s) (1 , o, o), formed by repeating 
each of the primary planes (1, o, o) ; 

Modified by 6 pairs of planes (±1,1,0); truncating the 
edges ; 

And by 4 planes truncating angles, which are not repeated. 

Hence the opposite angles are not symmetrically affected. 

The situation of planes with respect to each other, may be 
determined by assuming a certain point as the pole of the 
crystal, and measuring the latitude and longitude of the cen- 
tre of the plane with respect to this pole. If we suppose an 
ellipsdd of w Wch the three axes are as the three edges a, b, c 
of the primitive form, we may suppose secondary planes to 
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be in their nartnM position whai they ^e drawn so as to 
toucji the ellipsoid ; and we may consider as the of 
the face, the point of ccmtact 'Ihe latitnde and longitude 
and X,) of this point, are given by the formulae wMdi follows 
In the rhomboid, the aids of the rhomboid being the axis 
of the crystal 

cos. X varies with - 


sin. f*.- 


V ( J>*4* §*+ r»— — pr — ^r) 

r + f + »• 


In the prism, the axis l^ng the axis: of the prism 


tan. X varies with ^ 

p 

sin. f* — 

vif+f-i-n 

And hence the situation of the planes is known. Also if any 
of the planes, instead of toudiing the ellipsoid, be nearer to 
or farther from the centre of the crystal, the order of die 
planes will not be altered. 

Having thus determined what planes are adjacent, we find 
the angles which they make, by the formulae given Art. 8. 

In the rhomboid (pfqir)(p ; q ; r) being die planes, d dieir 
angle, and « the dihedral angle of the primary form, 

g ij/q -f 4 /r -f jr i'r -h cos. • 

V ® cos.») (?/*+ ^'*+ r'*— 5 '/cos,«>. 

This is true also for the tetrahedron, and for the right rec- 
tangular prism, making cos, « = o. In the other cases we 
have a formula involving the three dihedral angles of the pri- 
mary form. 

We can also find the angles contained between any two 
edges by first finding the equations to the edges, and then 
employing a formula given, p. is^. 

MOCCCXXV. S 



tfo M*. Wheweu. txxaladatB^ ^ crystals. 

Ilie inww ^ixibkffl^'kiiosK^ tiro dihcdrid 
aeomdaiy figure to^dettni^ the jabots the planes, n 
raol^ in the case where the ai^ks 

made with ^H^^Mlasuyphules tfe ^venj we bavesf Birect 
Bch^CHL' ^itHet^^hase! we find the indkies of ^ i^bol 
of trial; 3E«i-ift^fimits<^ die present paper allowed it, it 
might he dboeam lidw^ s^§^, -after sinne trials, proceed 
dii^y to &9d ^ taw. 
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real .cause, is exoeedlragljr-J^ras^g.'’.- ' ';:'‘i'Cf-;-vc 
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tliw Batyrsd sha^^^ whlioiit aajeui^atmo^ 

OB each side <rf die upper one appear slightly curved; 
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The most remarkable circumstance relating to tiiiis visual 
deception is, that the convexity of these curved images of 
the spokes is always turned downwards, on both sides of the 
wheel ; and that this direction, of their curvature is piwisely 
^ same, whether the wheel be moving to the right or to 
the left of the spectator. The appearance now described is 
repre^nted in Plate XI. fig. i .♦ 

hi order to discover a clue to the explanation of this phe- 
nomenon, it was necessary to observe the influence which 
certain variations of ciraimstances might have upon it ; and 
the following are the principal results of the experiments I 
made for this purpose. 

1 . A certain degree of velocity in the wheel is necessary 
to produce the deception above described. If this velocity be 
gradually communicated, the appearance of curvature is first 
perceptible in the spokes which have a horizontal position : 
and as soon as this is observed, a small increase given to the 
velocity of the wheel, prcKiuces suddenly the appearance of 
curvature in all the lateral spokes. The degree of curvature 
remains precisely the same as at first, whatever greater velo- 
city be given to the wheel, pmvided it be not so great as to 
prevent the eye from following the spokes distinctly as they 
revolve : for it is evident, that the rapidity of revolution may 
be such as to render the spokes invisible. It is also to be 
noticed that, however rapidly the wheel revolves, each 


♦ The itppeamibce ia qaestioa has been noticed by an anonymous writer in the 
j^aarterly Journal of Science (Vol. X. p. aSs) who gives, however, no explanation 
of the phenomenon. It would have been impossible. Indeed, to reconcile the 
facts as they are there stated, with any theory that could be ima^ned for their 
solution. 



an optkd dec^tim^ &c. im 

indiviiuai spo&e appears, during the incmieiit it is viewed, 
to at rest* 

s . The number of spokes in the wheel makes no diflfej^nc^ 
in the degree of curvature they exhibit* 

$. The appearan(^ of curvature is more perfectly seen when 
the intervals between die bars through which the wheel is 
viewed, are narrow ; provided they are suffidently wide to 
allow of the distinct view of all the parts of the wheel in 
succession, as it passes along* For the same reascm, the phe- 
nomenon is seen to the greatest advantage when the bars are 
of a dark colour, or shaded, and when a strong light is thrown 
upon the wheel. The deception is, in like manner, aided by 
every circumstance which tends to abstract the attention 
from the bars, and to fix it upon the wheel. 

4- If the numbers of bars be increased in the same given 
space, no other difference will result than a greater multi- 
plication of the curved images of the spokes ; but if a cer- 
tain reladon be preserved between the angles subtended at 
the eye by the whole intervals of the bars, and of the extre- 
mities of the spokes, this multiplication of images may be 
corrected. The distance of the wheel from the bars is of no 
consequeiK^, unless the latter are very near the eye, as in 
that case the apertures betwe^ them may allow too large a 
portion of the wheel to be seen at once, 

5 . If the bars, instead of l^ing vertical, are inclined to the 
horizon, the same general appearances result; but with this 
difierenoB, that the spokes occupying positions parallel to the 
bars, are those which have no apparent curvature : while the 
curvatures of the other spokes bear the same relations to 
the^ straight spokes, and to each other, that they did in the 
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case. Whm the Jacynatiidp the bars is miisid^rr 
able, however, the images become more crowdei* and iflte 
disdnctBe^ ^ aj^iearanee is thpceby dimimsh^^ The 
deception totally ceases wben^^^e wi^l jb? viewed tbrongb 
bars tto mre line, of its m<«yipn.„ 

; €i^ it is ess^tial toJ^ produi^on of this effect, diat a com- 
bmation^ shonld take place, qi a progressive with a rotatory 
modem. Thus, it wUl not take place if, whm the bars are 
stadonmy, the wl^el simply, revolves on its a^is, without at 
the same tmae advancing ^nor wl^ it simply moves hori- 
2iontally, withpid revolving. On the: other hand, if a pro- 
gressive motipn be given to the bars, while the wheel 
revolves round a fixed a:sis, the spokes immediately assume 
a curved appearance. The same effect will also result if 
the mvolvpg wheel be view^ through fixed bars by a spec- 
tator, who is.Mmsdf moving either to the right or left; 
because such a movemmt on the part of the spectator 
produces in his field of vision an alteration in the relative 
situation of the bars and wheeL ^ 

. It is evident from the facts above stated, that the deception 
in the appearance of the spokes must arise from the circum- 
stmwe pf separate parts only of each spoke being seen at the 
same moment; the remaining paits being concealed from 
vi^ by the bars. Yet since several parts pf the, same spoke 
are acmally s^n in a straight line through the suc^ssive 
ai^rtures, it is not so easy to imderstand.why they dp not 
connect themselves in the imaginatknl ^ in priier ^ses ef 
brokm lines, so as tp convey the imi^ssiaU pf a straight 
spoke, r The idea at first suggests that the {loitions of 



^^pas^Vi^ ;WWt ^artioi^^f spofc^j;^ 
<»i,!f0ipiiagfby ?tl^ wm^icQi^ 

ikmti <^iff$Jmty^a^i^ile^]M^^s*^>B^ a Utl3^ #|fee!ji0ii^ i0.t^^ 
ftenowjia wSl’jsteif? ttei #u^h a 

tb^: tfw wb^ :tte}W tpbig. 

marked by n mmim: of iradiailt lineisij ha^ 
m^fced ii|><^ |t^:ltipre$ei^s the ai^ar^ce, when mMed h^ 
luod the ham^ of a riiimb^ fl^dji, eaoh ihavlng' ^ 

tiare tscareaitoctog to ;thi^ jijUmher hdi% 

determinedr hy tb4t of the bara which intarvenetbetwmi the 
wheel and tile eye; JSo ti^t M'ts ^evid^t, that the ^several 
portions of ;<me and the same lli^,7leen tiirdugh tile mtervals 
d* the hars» for]ii ^^ titeiretina the fanagfes of go many 
feraxtradiiiu -,%< .'■ -■ ^ '*"• ^■>' ■: ‘ 

The true principle^: theny. on which thia phehomeimn de^ 
pends, is^the sanfe as that to wMcbls referable the illusion 
that occurs when a bright object Is wheeled rapidly round in 
a curele, ^¥ing rise .to the iappeamnm of a lii^ of light 
throughout the wlmle drcumfei^noe: iianaely, that an im^ 
pression made Iqr a: poicil of rays te^tihe retina, if suffid^tly 
vivid, will . remain for a dertain time afteir .cau^- has 
ceased. Many imalogous facts have bi^n obse^ed with 
r^rd to the other senses^ whidi^ as they are well known, 
it is needless here to particularize.: . 

In order to tirac^ more distmqtiy the t^ration of this prin^ 
dple in the present case, it will be best to take tibe pfa^o^ 
menon in its simplest form, as resuhmg from tite view of a 
radius, (fig. %,y C3R of the wheel V W, reviving sternHy 
upcai its axis, bm without any pre^emve motion, kid se^ 
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teough a single nasrow verMcal aperture wMch is moving 
horiamtaily in a given dir^tion PQ. Let ns also asaane 
that the ^ngressive motion of the apertee is just equal to 
the rmatory motion of the drcumference of the v^heeL It Is 
obvious that if, at the time of the transit the a|^rtare, the 
radius should happen to occupy either of the vertical posi- 
tions ¥0 or OW, the whole of it would he seen at once 
through the aperture, in its natural position ; but if, wMe 
descending in the direction VR, it should happm to he in an 
oblique position RO, terminatmg at any point of the circum- 
ference at the moment the aperture has, in its progress ho- 
rizontally, also arrived at the same point R, the extremity 
of the radius will now first come into view, while all the 
remaining part of it is hid. By continuing to trace the parts 
of the radius that are successively seen by the combined 
motions of the aperture and of the radius, we shall find that 
they occupy a curve Rabcd generated by the continued 
intersection of these two lines. Thus, when the aperture has 
moved to A, the radius will be in the position O « ; when the 
former is at B, the latter will be at and so on. 

Again ; let us suppose that when the aperture is just pass- 
ing the centre, the radius should be found in a certain position 
on tile other side OY, and lising towards the summit. Then 
tracing, as before, the intersections of these lines in their pro- 
gress, we shall obtain a curve precisely similar to the former. 
Its. position wiU be reversed ; but its convexity will still be 
downwards. 

If the impressions made by these limited portions of the 
aaveral spokes follow ofne another with suflScient rapidity, 
they will, as in the case of the luminous circle already alluded 
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to the ^e tise tnu:e of a cootiimous ca^e fine ; 
the Slakes will appear to be airved, instead of str^gfe. 

The theory now advawed is in perfect acoorda^ee ^th 
all the phi^onmm already detailed, and is farther confirmed 
by ext^ding the experiments to more mmpliotted a>mbi- 
natkms. 

It readily explains why the image, or spectrum, as it may 
be called, of the spoke, is at rest, although the spoke itself 
be revolving : a circumstance which might escape notice, if 
the attention were not particularly called to it. 

Since th#curved app^rance of the lines results from the 
combination of a rotatory, with a progressive motion of the 
spokes, in relation to the ap^tures through wMch they are 
viewed, it is evident that die same phenon^na must be 
produced if the bars be at r^tj and both kinds of motion 
be united in the wheel itself. For, whether the bars move 
horizontally with respect to the wheel, or the wheel with 
respect to the bars, the relative motion between them, and 
its effects, in as far as concerns the appearance in question, 
must be the same. The att^tion of the spectator should in 
both (mses be wholly directed to the wheel, so that the motions 
in question should be inferred altogether to it. Thus, in 
fig. 4, the real jx^sitions, at successive intervals of time, of 
the spoke A a, when the wheel is rolling on die ground in 
the direction AZ, are expressed by the lines Au, Bb, Cc md 
Bd. While the spoke is in these positions, the pOrtiOTS of 
it really seen through the fixed aperture VW, ai^ the parts 

0^ yy Sf the impressions of which, being retained upon the 
retina, and orfcired to the wh^l when in its last positbn, 
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(mn tJie seii^ of points n,p mi f, in the enrved spec- 
toun«iD.^ 

That the may the mme easily foiio:^ the wheel 

in its pfsi^ne^icm, it is neo^isary tliat iu cmcanatfemm^ he 
di^teKStiy and its teal situation correctly estimate 

Hen<^, altiiough it be true, that by a suffident exertion of 
attenticm the phenomenon may be exhibited by means <rf a 
single aperture, it is much more readily percdved, when the 
ninnber of apertures is such as to allow the wheel to be seen 
in its whole progress. For this reason the phenomeijon is 
^ry distinct in the case of a palisade. Each aj^rture pro- 
duces its own system of spectm ; and hence, when the aper- 
tures occur at short intervals, the number of the spokes is 
ctmdderably multiplied ; but if thehitervals be so a<^usted 
as to correspond with the distances b^ween the spokes 
at the circumference of the wheel, the imag^ produced by 
each aperture will coalesce, and the effect will be much 
heightened. 

A mathematical investigation of the curves resulting from 
the motkm erf the points of intersection of a line moving 
parallel to itself, with another line revolving round its axis, 
will show them to belong to the dass of QoADRArRiCEs, of 
wWch the one which touches the circumfer^ce of the inner 
g^erating drde is that which is known by the name of the 
QuAHitATRix or Dihostrates. Such a system of curves is 
represaated in fig. 3, where MC, CN are the generating radii, 
A the outer, and B the inner generating drcles, and the 
c^mmem axis of the curves. 

All the^ curves have the same general equation, namdy. 



j sag (A -i. ar). tang. JT* 
ocMardini^ refermi to the axis at ligM 

td ^ vertieat g^^tlng and passing dirough tim ^n- 
tie of tfe^r revohidcm ; the ha^s 4i h^g on ^ 

axis from the point of its intersection with the oirve j^ tite 
centre : and x being the arc of the inner generating circle, as 
well as tiie abscissa.* * 

A wheel simply rolling on its circumference exhibits, when 
seen through fixed bars, only those portions of the curves 
which are contsdned within the inner drcle; but when its 
motion of revolution is more rapid than its horizontal pio- 
gression, as when it is made to roll on an axle of less diameter 
on a raised rail-way, then the remaining portions of the 
curves will be seen, and others, on the lower part of the 
wheel, having a contrary flexure, will also make their ap- 
pearance. These are seen at FF in fig. 3 . 

If the spokes, instead of being straight, be already curved, 
like those of the Persian water-wheel, their form, when 
viewed through bars, will undergo modifications, which may 
readily he traced by applying to them the same theory; 
Thus, by giving a certdn curvature to the spokes, as in fig, 
they will at one part of their revolution appear straight, 
namely, where the optical d^^ej^ion operates in a direction 
contrary to the curvature. 

The velocity of the apparent motion of tiie visible por- 

* This KsqsaBty die arc and die abscissa is a secessaiy coas^uence of 

tbe {Hx>gm$ive amdoa of tbc wheel being ^ual to the rotatory motitm of its dr- 
comference: die former modon producing the ino'ements of the absdm; and the 
ktter of the drc of tt» ckde. Tl» equation y zr (If — »). tang. is deduce! 

irom a dmpib amtlogy the sides of shniiar triangles. 
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ticms sjK^es is proportk^to to/ Ae velocity i# tibte 

wheel itself ; but it varies in diferent |iarts : 

and m%iti#ierefore,>if accuimtely estima^d, -furny^ new 
be duration of the i 
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Vh its to detmmm ^:, 

: r0l^^^ (f mt^ai ligMy 

gurcpiB^ A. M. R£0tQr &f tl0 Amdmy 4d: 
hy fhe WmHdmt* ■ ~. - • ■.' •,-’• v -r'^ii :.^' -r:- ■ :^K -- ' 

1. In a pa|>er wWeh I lately ocmi^upcat^ to thf 
burgh Philosophical Journ^, i endeavoured to sho^^, that, 
caloric flies off from the surface of a heated bc^j by the r^ 
pulsive energy existing betyeoen its own molecules, and om- 
sequently, tliat tiieir velpdty, |p<areases with the temfieratui^ 
of the body. This conclpsicfi i deduced from the fact, disr 
covered by Delarckjhe, that feyisible caloric freefy permeates 
very thin plates of glass, in tte same maimer as light, but 
that it is completely intercepted by thicker plates. If the temr 
perature of the body be raised, the atoms of caloric will be 
brought nearer each other, their repidsive carergy augmented, 
their velocity increased, and cons^uaitly, they will now find 
their way through a plate of glass which formerly interr 
cept^ them, ff the temperature of the body he raised sfiP 
higher, die molecules of caloric will acquire a velocity 
suffident to pemeate the various humours of the eye, 
ami ptoduca ^ im^iession on flue retina, or Ip otlw words, 
they wte beepB# J^ht. From this view of the subject, 
I wi^ rtaturahy to the myentiem eff an instrumem 
which wmild be ^^cted by visible calolic or fight, whilst 
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it would not i^nsibly acted u|^n by invisible caloric, or 
heat. 

In abort, t was led to the inventioii of a phototaeter, which 
appears to fee the most a<xurate and delicmte whidli has yet 
bem described. But though such were the theoretical vfews 
which led to the invention of the instrument, its perfection 
does not depend upon any peculiar theory of light and heat. 
It is founded on the axiom, that equal volumes of air are 
equally expanded by equal quantities of light, converted into 
heat by absorption by black surfaces : and also on the well 
established principle that the quantity of light diminishes as 
the square of the distance of the luminous source from the 
object on which it is received, 

s. The instrument consists of two cylinders of planished 
tin plate from s to lo or 12 inches in diameter, and from a 
quarter of an inch to an inch deep. One end of each cylinder 
is indosed by a circular plate of the same metal soldered 
completely air tight, the other ends being shut up by cir- 
cular plates of the finest and thickest plate glass, made 
perfectly air tight. Half way between the plates of glass 
and the ends of the cylinders, there is a drcular piece of 
black bibulous paper for the purpose of absorbing the light 
which permeates the glass, and instantly converting it into 
heat 

The two cylinders are connected by small pieces of ther- 
mometer-tubes which keep them steady with their faces 
parallel to each other, hut turned in opposite directions, and 
also sa*ve to make the insulation as complete as possible. 
The chambers are then «}nnected by a small bent tube in 
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the ft«i» of the letter U, imvmf small bulbs nemt ks upper 
extremities, aud containing a little sulphuric acid, tinged ^th 
carmine. The instrument is supported upon a pedes^I, hav- 
ing a vertical opening through the stem to allow the glass- 
tube to pass along it, and thus secure it from acdd^ts. 

A small scale divided into any number of equal parts, 
is attached to each branch of the tube. In the annexed 
figure, Plate XII. ABCD and EFGH are the cylinders, 
AB and FG the plates of glass. CD, EFG the ^ds shut 
up by the circular tin plates, the blackened paper is repre- 
sented by the lines between AB, CD and EH, FG. Hie 
other parts will be obvious from the mere inspection of tiie 
figure. 

S. The accuracy of the instrument evidently depends upon 
the perfect equality of its two opposite ends. To ascertain, if it 
be accurately constructed, place it between two steady flames, 
and move it nearer the one or the other till the liquid in the 
tube remains stationary, at the division of the scale at which 
it formerly stood. Turn it half round without altering its 
distances from the flames, and if the liquid remains stationary 
at the same division, the instrument is correct. To show the 
extreme delicacy of the instrument, place it opposite a single 
candle, and it will be sensibly affected at the distance of lo, 
ao, or BO feet, provided it be of sufficient diameter, whilst it 
will not be sensibly acted upon at the same distance by a 
mass of heated iron affording twenty times the quantity of 
heat* In order to cut off effectually the influence of mere 
radiant heat, I sometimes use sateens composed of two jdates 
of glass, placed parallel to each other^ witii a quantky cf 
water interiHised. 
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' #. the imtaimmt betwmi any numher alead^ 
^iits whose inteBSities are known, as for exampk, b^we^ 
four candies opposite one end, and me candle opppdte 
the others ^td move the photometer till die fluid n^oain 
tionary at?the diidsion where it fcamerly stood, and it will be 
fwmd that, the distances are directly as the i^uare roots of 
the number of candles; or in other words, that the intensities 
of the lights will be diversely as the squares of the distances. 
If gas lights be employed, having burners capable of con- 
suming known quantities of gas in equal times, and the pho- 
tometer be placed between them, so that the effect upon the 
air in each chamber shall be the same ; it will be found that 
the quantities of gas consumed by each, will be exactly 
portioml to the squares of the distances of tlieir respective 
flames from tl^ ends of the photometer, 

5. Tins .instmmmt seems well adapted for determining 
the relative quantities of light given out by the combusticm 
of coal and oil gas." Place the instrument as before between 
the two humors, and ascertain the relative intensities of the 
two lights, by squaring tlw distances from the adjacj^t 
ends of the instrumaU: ; ascatain the quantities of gas con- 
sumed laf each of the burners in the same time ; multiply 
these quantities by the squares of the respective distances, 
and the product will be the relative quantities of light, af- 
forded by the gases. Let d be the distance of the coal gas light 
and d' that of the oil gas light ; and let q he the quantity of 
coal gas consume in a given time/and q' the quantity of oil 
gas consumed in the same time, then the intensity of tfe ci^l 
gas will be to that of the oil gas q d^ to q[ d- *. 

6. To find the ratio between the quantities of light given 
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the cgther ^nd^Jdli the%iidhitl^ ^ 

^ti<TO0*y at the origiiml anil l^t |^en dat ^ 

the candle, will evidently gwai O0t?%^ tiie 

the square of a few inches to the square of the number < 3 S 
inches contained in 95,000,000 miles, provided none of the 
sun's light had been absorbed in its passage through the at- 
mosphere. The delicacy of the instrument is such, that if it 
be placed opposite the sun without a counteracting force, the 
light absorbed from the body will be so great as to cause 
the liquid to move through a tube so or 30 feet long. By 
covering one end of the instrument, and directing the other 
to various quarters of the sky, we can ascertain the relation 
between the quantities of light reflected from the atmo- 
phere, and clouds floating in those regions. 

I am just now constructing a photometer about two feet 
in diameter, and two or three inches deep, with which I 
hope to appreciate the effect of heat in the feeble rays of 
the moon. 

7. Though this instrument has some resemblance to Pro- 
fessor Leslie's photometer, yet it is founded on principles 
essentially different. The one depending on the difference of 
the temperatures of the two bulbs, whilst the perfection of 
the other results from the equality of the temperature of the 
air contained in both chambers. The one has a scale a few 
inches long attached to one branch of the bent tube, whilst 
the scale of the other is the distance between the two anta- 
gonist flames. The delicacy the one is, from its very 
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B^ Jmiiarj IS, iBs^. 

The lifie of cellimailan of a telescope is a line wlaeh pass^ 
through the i^htre of the olijact glass aiwi the inter seotSon of 
the eross ^res piaoed In its fhcus. The apparatus which' I 
am about to descdhe Is interiied[ to determine tlK situation 
of this line with respe<^ to ife^isoh or the zenith, in some 
one position of kn astroUomicdll tarcSe to which the telescope 
is attached. 

A plumb line, a level, and an image reflected from the sur- 
face oi a fluid, are the means wMdi have Mtherto been em- 
ployed for this purpo^. The- defects and inconvenience of 
each of these have been felt, and the subject has for some 
years past engaged much of my littmtion, prindpaHy with a 
view of bmiging instruments of portable dimensions into com- 
petition with those of a larger 

•Since a plumb Mne ev^ of feet in length would 
subject to a deviaflon of only about three ten thousandths of 
an inch with an angular variation of one second, tl^ appMc^- 
tkm ctf the plumb line to small instruments becomes useless 
when great precisicai is required. 

'Ihe dl&julty of procuring a good and s^sihle level is 
weB thongh a veay valuable instriiment vMm 
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carduliy fitted up, it is liable to so many errors from a yamty 
causes, timt a single observation with the best level is little 
to be depmded upon. 

obscarvmg by reflection, is perhaps by far 
flie nmst prfect of any dbat has yet been practised ; but it 
requires a union of favourable drcumstances which rarely 
ocdirs. The fluid generally empipyed is mercury, which 
reflect a sufiBcfent quantity of light to give a brilliant image, 
buitjia deranged, that the slightest hreadi of air, m>t 

,or. the .distant pasdpg of# carriage, 
thasom^rCtf wWeh k. scarce^ is sufiicient to distmrb 

i|;s#mfe<#;,and. p f^dep an Q|>s^ation#ither impracticable, 
or^so errq]^us#s to.be perfidy psekf^. 

^Iteyi^heles^, taWng e3?tteipe care to protect the surfaice 
from wind, observations by reflection from mercury have 
becn.jnade..i¥ith^.g^.,i^(^ Pbseryatory at 

Greeiiwich, by^.pieaps of ffie mi^al circle. But there are 
ofrier ohjecflons bjesides tlpse I have menticaned to all these 
methods. Wheii^^an luftrum^t with a plupsb lineis u^d, 
the obs^^tions ipa^y be jcopducted in two ways. In the 
first, the imfrpni^tbdpg,|4^^ed in^fe the plumb 

line is brought over a ma^k wj^ch is generally attacted to 
theframe work canrymg the .The star is.t^en 

as many nights m sncc^ssipn as may be thought necesf^y, 
and tte instrument Js tbm turned half round, in azimuih, 
^umb line bto^htoyer the same mari^ ^4 the star ag^yk 
ttd:en, %vhen the mean of the re^ts of the readings in both po^ 
dtions, 0 i the instMinait gives the,f4|itude or 2 ei^b di^^a?: 
Heieitkpresum^i.that^thereh^b^t^mam sape 



lifting 

fecmi i%iit 10 Bigbl, ^ I’elatiye pcNsit^s of 

tiema ^Mch aye twgia^toua^ b0i0ad% r 1 1«- 

InAe aeomd in^Afi^i the^pl^ hpmg^ |is 

be^re, the ste is wbertryoiy jae^ ^ 

nieridiaa, tbe timeat'<«eadb otes^^atip^bek^^nc^^/ Th% 
stniment is then immediately turned habT round ki 
readjusted if n^jeasary ^ and the observaticm r^^ed, 
the time as before^ ; The nae^fpf ^e result n^dpgs 
m Jbsoth positions of the mstnm^t will be raWnidf ^ 
?^ith dis^^ of the star atthe of the obsepred 

The time at which star ^eoipea ,tq th%; m^ri^ian 
known, the diflferaiee l^tweai tins and. mean of the 
times of obaenradon giyeSjAe hp^mry mgle of the star 
die meridian ; whence the coireo^ionds computed which is 
necessary to apply to the obser^M zenith distance in ord^ 
to obtain the meridional zenith diatsuK^. : : « j , 

1 know of no objection to tJn^ metlfed except the length of 
time required for obseryiitg each-^ar, the labour of compute 
ing the corrections, and the po^Wity of the 
fering a strain from bang turned hall round in azimutiv 
The manner of using ah instnunem furnish^ witji a level, 
is nearly the same as when; H^isr cci3^hi^<^ed with a phimb 
&tte ; but as thb level has a scale/the ihvmons indicated, by 
tte ends of bubble are usually read off at the omdusion of 

each obs^ahon, and the iesidimg corro^ applied to ^ 

observed zenith distance. Tife prestqjposes Ae valii^ of 
the divisions of the scale to be well ascerbuiiai|fand that ttey 
ai:e ^ud, which la^ is net always the^^ jr 

In observing by relation, tte caror which might arise 
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iten tutning te iiistruHamt in assimuth k avoided. The mr 
is takenj and the telescope being afterwaids dimmed to the 
reflected image, the very small movement in azimuth re- 
quired to foHOw the star cannot well be suppose to occasion 
my strain ; but the same observations of the time, and the 
same reductions to the meridian are necessary in this as in 
the preceding method. . 

If the instrument is fixed in the meridian, as is the case 
with the mural circle, the observaticm by reflection cannot 
be made on flie same night as that by direct vision ; and it 
may be supposed that unfavourable weather might occur for 
several nights and prevent the completion of the observa- 
tion, during which interval a change in refraction, or in the 
relative positions of the circle and microscopes might take 
place, impossible to be detected, and which would vitiate the 
result. This inconvenience has been felt at Greenwich, and 
a second mural circle is nearly ready at the Royal Observa- 
tory, for the purpose of simultaneously observing the same 
star by reflection and by direct vision. 

From the slight description that has been given of the dif- 
ferent methods of observing, it must be evident, that the 
important desiderata are to keep the circle constantly fixed 
m the meridian, using no other motion than that of the tele- 
s^pe, and to possess the means of instantly determining and 
verifying at pleasure the place of the horizontal or zenitii 
point with a degree of accuracy, limited only by the powem 
of vision assisted by the telescope. 

If a telescope furnished with cross wires be adjusted ta 
distinct vision upon a fix^ star» the parallel rays proceeding 
from the object are mnverged to a focus, and an image of 



afiocdMg coUimMmr, 151 

tb^ star is fonned upo» the cross wires. Converselj, if when 
telescope is so adjusted, rays he supposed to pass from 
the ctoss wires through the object, glass, they will emerge 
parallel, as if they had come from an object at m infini^ 
distance. The cross wires are therefore similarly circum- 
stanced with respect to vision, as a fixed star ; and if ano- 
ther telescope, adjusted by a star, be employ^ to view these 
cross wires through the object glass of the former instru- 
ment, they will be seen with perfect distinctness, however 
near to each other the telescopes may be placed. 

Professor Gauss first published an account, of this beau- 
tiful property, and he availed himself of it to measure the 
angular distance of the wires of a transit instrument by 
means of a theodolite placed near the object glass. 

In the Asirmomische J^achricterij Jfo, 61, Professor 
Bessel has given a^^‘ new method of determining the flex- 
ure of the telescope of astronomical instruments/* which for 
elegance of invention can scarcely be surpassed. This he 
effected by means of the property described by Professor 
Gauss ; and at the end of his communication, M. Bessel 
proposes a method of finding the zenith point of an instru- 
ment, of which the following is a translation, 

I may here be permitted further to remark, that the 
zenith point of an instrument may also be found without 
turning it in azimuth by a similar contrivance. For this 
purpose nothing more is required than a telescope, furnished 
with a sensible level, which may be placed on either side 
with respect to the axis. If this be placed alternately towards 
the north mid the south, so that the bubble of the level may 
be similarly situated in both positions, then the mean of the 



Captam oj 

i^aiing^ m the carde 4t eiich td ^teik^pe is die 

poiit. Tfek ^y be i^btaine^ in a tmm^ meis^ indi^- 
l^hdant of aE other d th^.ikvel be neirijy' 

li ii^t angles to #ie axis of the teleseO|^, isaispending it hi 
die^2^3ith, and then repeating the observation aft^ AetMe* 
has been turned On >its ia:xis; This method, which pre- 
supposes only an arrangement very easily made m tl^ slit of 
tJie Observatory, or upon the pillars, will give a very exact 
result, since the cross wires appear at all times Well dehned 
and without motion, which is not always the case in the com- 
f^rative observaticais of stars by a zenith sector and^the circle 
itself/' ' 

By this method, the necessity of observing out of the meri- 
dian, or of waiting till another night for the completicm of 
the observatfe is obviated, and the zenith point may be im- 
mediately >d<i^feerinined with as much accuracy as can be 
attained by ineans of a level. But tibough this is by far the 
best inode of employing a level that has ever yet been de- 
vis^, it ' is stiE subject to the dejections which have beat 
urged against that inst^ 

ft would require a feVe! of very great dehcacy and eittent 
of scale to indicate the fraction of a second ; and such a one 
Would be r^diiy deranged by a small inequality of tempera- 
fui^, or by unavoidalde elastietty of the parts necess^y 
for its adjustment. ^ ^ ^ ^ ^ . 

the course of some former enquMes*/ 1 made mmy 
e^|>^ments to ascertam tite: de^ee of reliance that might 
be on the posiEba of alxjdy flbatmg upon the sur- 
face bf inercury, and fully satisfied myself that it might be 
so i^ntrived as to have always when at rest tte same 
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a floating collimator, 

inciinafen to the horizon. I had thus a floating support to 
wMch I could attach a telescope, a support requiring no ad- 
justment, ofeing the ready means of extreme accuracy, and 
precluding all fear of those errors which might arise from the 
use of a level. 

For a preliminary experiment I procured a |»ece of oak, 
seven inches and a half long, four inches and a half wide, 
and one inch thick. Upon this, two wooden uprights in the 
form of Y s, were pinned and glued at the distance of five 
inches. Half way between these a small ring was screwed 
into the oak, and the telescope being laid upon the Y's, was 
firmly secured in its place by a string passing several times 
round it and through the ring. 

In the middle of the longer sides of the oak support, and at 
right angles to its horizontal surface were inserted two pieces 
of brass, in which very smooth grooves were made, about 
one-tenth of an inch wide. 

A deal box eight inches long, five inches wide, and an 
inch and a half deep, having its bottom just covered with 
mercury, received the float, which was kept in its situation 
in the middle of the box, and prevented from turning hori- 
zontally by two smooth iron pins passing through the sides 
of the box into die grooves. These were carefully regu- 
lated so as to allow the float to adapt itself with perfect free- 
dom to the surface of the mercury. 

The whole of the telescope was above the edges of the 
box, and a screen of black pasteboard, with an a^rture equal 
to that of the object glass, was fixed to the end of the box. 
This is indispensably necessary, in order to exclude false light. 

A fine aehromafic telescope by Dollonb, of thirty inches 
MDCCCXXV. X 
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imcm, md two mdi^ smd tferee-qu^ers apertMi?03 
with a wii0 was placed upoa a deal supper 

witih thr^ l^s. This support rested u]pn a flat stcaie kid 
mpo» smd whidi filkd a pit of sev^ feet in depth, and 
afforded a perfectly steady foundation. The moveahle wire 
of the micrometer was carefully ^aced in a horizmitd position. 

The floating collimator was put upon a table ^tached to 
tte wall of the observatory, and was placed in the proper 
^n^ticai by looking through its telescope, and moving the 
box till the cross wires appeared upon the wire of the micro- 
meter, The cross wires,* which formed an angle of about 
15 degrees, were illuminated by a small lanthom placed 
upon the table with a piece of died paper kiterposed. 

My first tiials were made with the tele^ope of a sextant, 
but as the object glass was not sufficiently perfect, -f I did not 
conceive it worth while to register them, and I shall merely 
remark, that after deranging the float by moving it in a 
varkty of ways, the cross wkes returned, as nearly as the 
iu^rfection of the image wcaild permit me to Judge, to the 
smne ^tuation. 

The toleseope subseq^ntly employed had an achrcmiatic 
object glass of inch and a quartor aperture, and seven 
ii^es and a half focus, and tlus gave a sufiidently gocrf 
inline. 

In the experiments I am about to dekil, every mefliod I 
cGwld thmk of was used that could feirly mtraduee error. 

* The material which after ntimerous trials I found to answer best for cross 
Holies, was the steel sprxng used m Ute bailee of ^ wa&Ji, 

. ^ r m^herooh^npe, aiut£ ami this mode ci lirlNr% iiiost sermie 

testof the gm^d^saof auob^^ ^ass ouplofmUtt uec^tsiator.^ 



Tte -b0K dyect tht taelesa^ 

was raised so that the mercury ran from beneath the float 
to the other end <£ tte box ; it was then restored to its for- 
nix pc^haon ; tMs 4br the ^dce cf horeirity 1 shall design^ 
by O amed. 

The eye end of the Ikix was elevated and re^^ed to ibis 
place m &e manner; this I have cdled E rmed. 

One side of the box dbvateii and replaced^ § rmmd. 

The otht^ side cf the box trealeai^i Mke manner, S s rmsed. 

Theob^ect ^dof tfae box raised^ and the box caJTted in 
that positicai to the other sade of die dbscamtojy, brought 
back and lepiaced, O raised and carried. 

The ^e end raised, and the box icamad and replace, 
E raised md carried, 

S msed and carried, and S e rauedand cmied, signify siM- 
lar operatims, previously elevating one side or other of ihe 
box. 

Out and replaced O si^ufies that the float was lifted 
quite out of the meroury and die box re|daced, the 
of the float next the object glass being brought first into 
contact with the mercury. 

Out and replaced, E first, the same, with di® eye aad of the 
float first brought in contact with the mercury. 

Out and replaced S first, the same with one side brought 
into ccmtrnct. 

Out md r^laced S s first, die same with die other side 
brought first into contact. 

As soon as the orpss wires appeared to be perfeedy at 
rest, the angte was carefully bisect^ by die micrometer 
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wire, and the iMom of seldom less than three readings re- 
gistered. 

The stability of the micrometer was severely proved by 
pressing upon the ^d of the telescope, and it was found that 
upon removing the finger, the micrometer wire always re- 
turned precisely to the same situation. The value of each 
division of the micrometer head is six-tenths of a second. 

In the following tables, the first column contains the read- 
ings of the micrometer when the angle of the cross wires was 
bisected. The second column contains the difference between 
every two consecutive observations, and indicates the derange- 
ment of the position of the float from its having been moved 
between such observations. The third column contains the 
error in seconds, which would affect the determination of 
the horizontal point in consequence of the derangement of 
the float, and is equal to the half of that derangement. 


Wooden Float, 



I St Set. 

DiTmottt 

of 

Miooia. 

Difference. 

Error in Sec*, 
affecting ifae 
Horis. poktt. 

Dec. s 

Previously to moving - - - 

O rsused ... 

E raised - . - 

S raised ... 

S s raised - . - 

O raised and carried 

E raised and carried - • 

S rmsed and carried • • 

S s raised and carried 

83^9 

854 

82,5 

80^ 

79.3 

79*5 

70,9 

7^*9 

7o»3 

i 

+ l »5 
— 2,8 

— 1,7 
1,6 

+ 0,2 

— 8,6 
+ 1,0 i 
— 1,6 

+ 0,45 

— 0,84 
-.0,51 

— 048 
+ 0,06 

— 2,58 
+ 0,30 

— 048 


The image of the cross wires not being perfectly distinct, 
I limited the aperture to three-quarters of an inch, and thus 
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obtained a much better image. These observations were 
made in extremely damp weather, and the support had b^n 
kept for a few days in a very dry place. 



zd Set. 

Divsnoos 

of 

Microm. 

l^SbKQce. 

Emff inSet^. 

Hoxiz. pc^t. 

Dec. 8 

0 raised 

31,6 




After an hour*s inters 

Lanthorn close to wires 

16,6 

*9,9 

+ 3.3 

+ ^99 


After an hour - - - 

Out and replaced, S first 

Ditto, - E first 

Ditto, - 0 first 

0 raised and carried - - - 

S raised and carried 

Ditto, read again - - * 

Carried box, kept as level as possible 

S raised and carried - - 

Out and replaced, S first 

8,8 

» 3*7 

13.1 

n ,7 

10,7 

S.a 

3-5 

0,5 

Hi 

[H 

si 

Sm 

+ 1,47 

— 0,18 

— 0,00 

— 0,48 
+ 0,^ 

— 0,30 

— 1,65 

— 0,51 

— 0,90 


The wooden float being designed merely for preliminary 
experiments, and it not being my intention to introduce any 
errors but such as might arise from moving the float or agi- 
tating the mercury, I had a float made of cast iron eight 
inches long, four wide, thick, and weighing 2 lb. 5 oz. 
troy. The telesccope was tied firmly to the Y s. 
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Ej^immts with the Iron Float. 


\ Divtsidss 

- Di&mice. 
Mtcrom. 


Oxabed - - 

Nc^ sufficient mereury ; added more. 

Out and replaced S first 
? O rais^ and carried 
S raised and carried, escaped from the \ 
grooves - - - j 

; Out and unlaced, the. surfece at once in ^ 
conta^ , . - j 

Out and replaced, Q first 
Out and replaced, E first 
Out and replaced, S first 
Out and wiped the mercury, S first 
Out ^d replaced, E first 
Out and replaced, S first 
Out and carried, S first 
Out -and wiped, S first 

On iretuming after an houris Interval 

Out and carried, S first 

Out and carried, S first 

O^t a^d carried, S first 

Out and carried, S first - - - 

O raised ard carried 

Agitated by raising and depressing the 7 
, €ndiof#ebox - - y 

but and carried, S first 

‘ Left the lanthom close to the wires for ) 
three quarters of an hour and returned j 
Out and agitated mercury, S first 
O raised and carried 
Out and wiped mercury, S first 

L^thorn taken away and returned in an 7 
hour and a half - - / 

Lanthorn left close to the wires, returned \ 
in an hour - - - / 

Agitated by tappmg the box 

Returned in an hcnr 
Out and wiped mercury, S fii^t 
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Experiments with the Iron FloaL 
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Experiments with Ike Iron Ftoat. 



7U1 Set. 

Mkrom. 

XMi^sence. 

&tot in Sec*, 
a^fecthtg tlMi 
U<K(lz, potoc. 

D^.ii 

Out and replaced, afirst 

Ditto - - ditto 

Ditto - - ditto 

Ditto - - ditto 

Ditto - - ditto 

Ditto - • ditto 

* 7^3 

12,4 

15,8 

16.7 

10.7 

15.8 

— 4,9 
+ 3 H 
•f 0,9 

— 6,0 

+ 

— 1^7 
+ j,oa 
+ 0,27 

— t,8o 
+ 1,^3 


Experiments to show the ^ect of turning the box round. 



8th Set. 





Previously to moving • - - 

Turned ^uite round . - - 

Back again ... 

Turned round ... - 

Back again - - • ^ - 

16,7 

16,4 

19^0 

15>8 

» 3.7 

— o,| 

— 3 »* 

— 2,1 

— 0,09 
+ 0,78 

— 0,96 
— . 0,63 


The micrometer wire not being perfectly horizontal, the 
cross was brought precisely to the same part at each experi- 
ment. 



9th Set. 





Previously to moidng . - - 

iTuma! round . - - - 

Back again . . - - - 

Tunusd round . - - 

Back again - ... 

Turned round ... 

11,0 

10,3 

10,2 

10,5 

U 

8,1 

— 07 

— 0,1 
+ 0,3 

— 2,1 
— o »3 ! 

1 

jt 

— ; 0,21 

— 0,03 
+ 0,09 
0,63 

— 0.09 


Hie side and subsequently the whole float, whilst replac- 
mg, pressed gently upon the mercury. 
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lotlk Set. 

Dirisiot» 

of 

Miraom. 


pjo^at. 


Out4ndx«pla€^. $ 

DiUo - ditto 

Oitto - - ditto 

nitto - . ditto « - j 

Ditto - ditto 

Dktt> - * ditto 

9S*7 

9^*7 

99>5 

98 ,* 

97,0 

97*7 

j 

+ **o 
+ 2,8 

— 1,3 

— i ,2 
+ 0,7 

+ 0,30 
+ 0,84 

— 0,30 

— 0,36 
0,21 


The float pressed upon the mercury as before, and the 
mean of the readings of both angles of the cross wires 
taken. 



^ I f th Set. 





Out aad replaced, S first 

Ditto - - ditto - - - 

Ditto - - ditto - - « 

Ditto - - ditto - - . 

Ditto - - ditto - - - 

Ditto - - ditto • - 

97*4 

98,1 

100,5 

93*8 

95*0 

94*6 

+ 0,7 
4 - 2*4 
— 6,7 
^ + i,a 
■—0,4 

-f 0,21 
-4 0,72 
— 2,01 
+ 0,36 
—•0,12 


In the preceding experiments it may be seen that by far 
the greater number of the results are negative, or that the 
readings of the micrometer for the most part gradually de- 
crease. I felt much at a loss to account for this, and at first 
supposed it to have been occasioned by the vicinity of the 
lamp to die Y supporting the cross wires ; but I found on 
trial that this was not the fact ; indeed in that case the efleict 
would have been the reverse of what was observe, I can 
in no other way account for it than by supposing that as the 
weather was very damp and cold, my approach to the stand 
which supported the micrometer, caused the legs which were 
MDCCCXXV, Y 














of 

nmt me ta a sy^po$iiim which to he m 

'mme c^m«li^ted by the lofcrispaeter giving an in- 

care^M j^awiing m retura, after haying been ab$ent fot 

some diie from the Observatory. Whateyer n^ay he th^ 
ca^se. It camsitantly operates in one d^^ction, and peems to 
be fhe principal sowpce of the errors which are ol^^^able. 

now wished to f^certain whether by encreasingjise length 
of the Hoat, or by adding to its weight, the length being the 
aame, I should attain greater accurary. I therefore procured 
two other cast iron floats, the one twelve inches long, four 
wide, and a quarter of an inch thick, ind the other of the 
same dimension s ^as that before described, except that its 
thickness was half an inch, and its weight 4 lb. 8oz. troy. 
Iron “pins were fix ed in the sides of these floats in place of 
the groovei?, and grooves to receiw the ^|ms were attached 
to the sides of the ttmi. The box m which both Jfoats were 
used was fourteen.lr^hes long and s}^. Inches wi4e» 

Before I made tndl of the new floats, I browned that used 
in the preceding experiments by rusting it with nitric acid, 
and then rubbing it with oil ; imagining that 1 might thus 
diminish any small affinity which the iron might have for 
file mercury. With the float thus browned, the fallowing 
experim^ts were made. 





Iron Float browned. 















11S4. ' 


KATEtt's of 


Bxfmments to shoxo the effect of turning the box round. 



ilUl.Sei 

Oiva^cais 

of 

^c»Ha. 


Effoa-mSisv^. 

ifi^z; point. 

■ 

1 

FwvioBslf to m<mng 

Turned round, (much agitation) 

Back again - - 

Turned round - 

Back again - - 

Turned round _ - - 

33*3 

31*0 

31*0 

31.* 

30 * 4 - 

— 0,8 
-^0,9 

— 0,6 
4- 0,2 

— 0,8 

— 0,24 

— 0,37 

— 0,18 
-f- 0,06 

— 0,34 


I now laid aside the long float to try the short heavy 


float. 


Short heavy Float, 



x6thSet. 





Oat and replaced, S first 

Ditto <• - . ditto 

Ditto - - ditto 

Ditto - - ditto 

Ditto - - ditto 

Ditto - - ditto 

57.2 

60.6 
56,1 
58,0 

57.6 

[Bpi 

+ 0.75 
+ o ,«7 
— i. 3 S 
+ 0,57 

o,ia 


17th Sot. 

■ 

■ 


1 

Out and agitated the mercury, S first 
Ditto - - ditto 

IKtto - - ditto 

Ditto * - ditto 

Ditth - - ditto 

Ditto - - ditto 

67.0 

tj; 

66.0 

■ 

— 0,4$ 

+ 0,78 

, 1,03 

— ' 1,20 
+ i. 4 « 


The utmost care taken. The mercury carefully straihed. 
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Short heat^ Float, 



tStbSet. 

SKrisidiis 

of 

Midom. 

Difiiiieiice 

Ewsr is Seef* 
tiie 

m 

Out and replaced, S first 

Ditto - ditto 

Ditto - ditto 

Ditto - ditto 

Ditto - ditto 

Ditto - ditto 

32*1 

34*9 

34^7 

33 »* 

34 >» 

3»>8 

+ 2,8 
— 0,2 

— 1,5 
+ 

— 2,4 

4- 0,84 

— 0,06 

— 0,4s 

+ 

— 0,7a 


Experiments to show the ^ect of turning the box round. 



I9tii Set. 





Previous to moving 

Turned round 

Back again - _ > 

Turned round • - - 

Back again • - - 

Turned round . - - 

31.0 
33>2 
33>9 ! 

32.0 

30^7 

3«,3 

+ 2,2 
+ 0,7 

-1.3 
— 1,9 1 

*4 0,6 j 

+ 0,66 
+ o,zi 

— 0,39 

— 0,57 

•4 0,18 


Mercury carefully strained. 



20th Set. 

■ 

■ 



Out ami replaced, S first 

Ifitto -- - ditto - - 

Ditto - — ditto - - 

Ditto ' - ditto — 

Ditto - ditto - - 

Ditto - ditto ~ 

2t,l 

27.0 

22.1 

* 5.7 

*4.4 

33.^ 

11 + 1 + 

+ ».77 

— 1,47 
-4 *,08 

— 0,39 

— 0,24 


Qrc^at care taken that the side of the float sflould be Jn 
contact with the mercury its whole lengfli, previously to 
putting down the surface. 
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: ' ‘-_j. "‘1 

2ist Set. 

^ - ’’'iif..- -- ' 

C^and 

replaced, S first - 

Ditto 

- ditto - ~ 

. Ditto 

- ditto - i 

Ditto : 

ditto 

Ditto 

r- ifittd - 

Ditto 

- &ttD — - 

22d Set. 

Out and 

repl£u;ed, S first - 

Ditto 

ditto - ~ 

Ditto 

- ditto - - 

Ditto 

- ditto - 

Ditto 

- ditto - - 

Ditto 

— ditto — 


IXf £m>r m Sec^ 
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; Having caused the long float to be ground smooth, and 
browed it by rusting it with nitric acid, and xubbing it with 
oil, the oil was very thoroughly cleaned off, and the follow- 
ing experiments made with the greatest care. 


Long float browned. 




















IjongfiocA bmvned. 




UiMsio^ 

of 

Micsom* 

IHEKseace. 

in 

siiSscai^lf 

I£adx.potat. 

Jan. 3 

Out and replaced, S first - - 

Ditto - - ditto - - 

Ditto - - ditto — - 

Ditto - ditto - 

St#t 

49*4 

4%7 

-■ w 

— 0,7 

+ ns 

tf 

-^o,St 
— o,ai 
+ 0,4s 


z^th Set. ! 

.. - 



Jan. 3 

Out and replaced, S first - - 

Ditto -- ditto -■ ' - 

D^tto - ditto ~ - 

Ditto - ditto - - 

Ditto — ditto — ~ 

Ditto - ditto - - 

5 ^S i 

^0,3 

S 7 »+ 

— 0,8 
+ 3^6 

-f 1,6 

— 0,9 

— 4*4 
+ no8 

— 0,87 

+ 0^48 

— o ,*7 

i 

afith Set. 





Out stt*d replaced, S first - - 

Ditto — — ditto — — 

Ditto - — ditto - — 

Ditto - - ditto ^ - 

Ditto - ditto - - 

Ditto - - ditto - - 

1 - T 

P’l 

# 3,6 
6 i,I 
S 9*6 
60,9 
. 6i,a 

-f 0,3 

— M 

— 1,5 
+ 1,3 

— 0,3 

+ 0,09 

— 0,75 

— 0,45 ' 

+ 0,39 

— 0,09 


Of the one hundred and fifty one results in the column 
indicating the errors aflfecting the determination of the hori- 
zontal point, only twenty-eight are found .Wqeeding one 
second ; viz, one of ^^,58, another of ^%oi, t 4 n feween two 
seconds and one second and a atid sixt^n between a 
second and a half and one second ; the remmning one hundred 
and twenty-three errors being all less lhan one second. 

But as it is not to be supposed that an observed* would be 
satisfied wjth a single determinatidh, wlten he Bis the power 
in a very few minutes of attaining far greater aojuracy, I shall 











now show the efiect tfwt would result from usmg tte mean 
^ a few the preceding obsra’vations. 


WoodKi Flt^t. 


4th Set. 
H 5tib Stet. 
6th Set. 
r 7th. Set. 
8th Set. 
* 9th Set 
lOth Set. 
1 ith Set. 


izth Set 
13th Set 


X4th Set. 
15 th Set. 


1 6th Set 
17th Set 
iSth Set. 
ipdi Set, 
zoth Set. 
zist Set. 
zsA Set. 


zjd Set 
Z4th Set. 
zjth Set. 
261^ Set 



— 0,34 


^0^7 


0,66 

Iron Float. 


Mean of the first five -* 

0,16 

Mean of the second five - 

— 0,40 

Mean of the fihird five - - 

— 0,02 

Mean of the last six - 

0,00 

Mean of five - - 

Hh 0,02 

Mean of five - - 

— 0,31 

Mean of five - ^ 

— 0,24 

Mean of five - - 

— 0,09 

Mean of four - - 

— 0,22 

Mean of five - - 

— 0,17 

Mean of five •" *“ 

j + 0,12 

Mean of five - ... - 

— 0,17 


Iron Float browned. 


Mean of five 
Mean of five 


Long Iron Float. 


. .Me^ of five 
Mean of five 


Short heavy Float 


Mean of five 
Mean of five 
Mean of five 
Mean of five 
Mean of five 
Mean of five 
Mean of five 


Long Float browned. 


Mean of five 
Mean of three 
Mean of five 
Mean of five 
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Chi examining the above table, it ap^ars that by takmg 
the mean of a very few results, the greatest error, if the 
experiments with the wooden float be rejected, is four-^tenths 
of a second, consequently the place of the horizontal point 
may be speedily determined by the use of the collimator, to 
the utmost degree of accuracy which the astronomical circle 
employed, is capable of attaining. 

The results obtained by turning the collimator round with- 
out removing the float from the mercury, might have been 
expected to have been very nearly, if not wholly free from 
error ; but as this does not appear to be the fact, and as the 
errors are all in defect, they seem to have been influenced by 
some constant cause, which, as before remarked, I believe 
to have been expansion of the stand of the micrometer in 
consequence of increased temperature. 

When the float is removed in order to transport the box 
containing the mercury to the opposite side of the observa- 
tory, the manner of replacing it, so as to occasion the least 
error, seems to be that of bringing the edge of the side of 
the float first in contact with the mercury, and then gra- 
dually lowering it. This mode of removal can be necessary 
only when the collimator is used with a portable circle; but 
in a fixed observatory a plank should be laid, or a sort of 
railway contrived from one support to the other, on which 
the collimator should be either slid or passed along on rollers 
without removing the float from the mercury ; by this ar- 
rangement the greatest, iuid perhaps the only source of error 
would be avoided.^ 

* It may perliaps be fotmd preferable to imrc two boxes wiUi mercury, and to 
carry the Boat feom one to the other. 

MDCCCXXV. 
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Utere Eppai,r0 IB have been some advantage gain^ by 
iming a longer float, and it certainly was improved by being 
ln*owiied, as previously to that operation, small particles of 
mercury were observed, occasionally to attach themselves to 
the float, which was not the case afterwards. 

it may not perhaps be considered altogether superfluous 
to give in a few words the mmmer of using the colhinator. 

The instrument being placed on the north or south side of 
the observatory with its telescope pointed to the centre of the 
circle and nearly in its plane, it is to be directed, so that the 
wires of the telescope of the drcle may be seen through it, 
when reciprocally the cross wires of the collimator will be 
visible through the telescope of the circle, and the collimator 
is to be so placed, that the cross wires may appear in the 
centre of the field of view. The place of the box should then 
be carefidly marked, to ensure its being at once restored as 
nearly as possible to the same situation. 

The collimator is then to be removed to the opposite side 
of the observatory, and the same process repeated, the situ- 
aticm erf* the box being here also carefully marked. 

In observing, the star having been taken and the readings 
of the miciosaipes registered, the telescope is to be depressed 
to the coUimator, and the angle formed by the cross wires 
carduUy bisected. The collimator is then to be taken to the 
o|^>odte side of the observatory, and the cross wires again 
bisected ; the mean ofAe re^in^s at the bisections will give 
the indiMaSbh- <£ the obUimat^ to the librizon, and the differ 
rence between this and the apparent inclination at either po- 
sition of the collimator will be die correction to be applied to 
the mean of the readings registered at the bisectiem of the star. 
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For example, let the mean of the readings of the bisection 
of the cross wires when the collimator is to the south of the 
instrument be of altitude, and when it is to the north 

The mean of these readings is the true incli- 
nation of the collimator to the horizon, and the diflference be- 
tween this and (o'.3^') must be added to ail altitudes 
taken to the sohth, or subtracted from those to the north of 
the zenith. 

The instrument I have descril^d may be called the hori- 
zontal collimator^ but another and in most respects a prefer- 
able arrangement may be employed, similar to that suggested 
by Professor Bessel. The telescope may be firmly fixed in 
a position perpendicular to the float, and I should then name 
it the vertical collimator.^ This must be placed directly under 
the telescope of the circle ; and though not in a convenient 
position for observing, it yet possesses the very great advan- 
tage of obviating the necessity for carrying the collimator 
from one side of the observatory to the other, nothing more 
being requisite than to turn the float half round in azimuth, 
and to take the readings of the microscopes when the angle 
formed by the cross wires is bisected in each position of the 
collimator, the mean of which will be the place of the zenith 
point. 

This is the construction which appears best calculated for 
a public observatory ; but in addition, it would periiaps be 
adviseable ^that it should be furnished with a horizontal colli- 
mator, having a float of increased length. It is intended that 

♦ The float of the ^erikal coHimator should be circular, and an opening he made 
in the bottom of the tube of its telescope to throw light on its cross wires by means 
of an inclhusi pfene mirror. 
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the honzcmtal collimator should remain stationary, and that 
the usual oourse of observations should be referred to it, its 
inclination to the horizon having been previously determined, 
and its j^rmanency, when thmight requisite, being examined 
by means of the vertical collimator. 

As it is not necessary for the telescope of the collimator to 
have a tube, the object glass and the cross wires in the hori- 
zontal construction may be fixed in two uprights cast in one 
piece with the float. The distance of the object glass from 
the cross wires must be capable of the nicest adjustment. 
This may be efl^ed by a screw cut on the outside of the 
tufc^ in which the object glass is set, and a collar, by means 
of which after it is adjusted, it may be firmly secured in its 
proper |dace. There should be short pieces of tube screwed 
on each side of the upright, to protect the cross wires from 
injury, and also to contain the eye glass, which is convenient, 
as well for illuminating the wires, as for placing the colli- 
mator in the proper direction. This construction appears to 
promise the most perfect invariability of relative position be- 
tw^n the line of collimation and the float. The box should 
be suffidently deep to include the whole instrument, and 
should have apertures made in the ends, opposite to the ob- 
ject glass and to the cross wires. It is scarcely necessary to 
add, that it should also have a cover to exclude dust from 
the mercury, and a piece of ground glass or oiled paper 
diould be placed between the cross wires and the lamp by 
which they are illuminated. 

The accurate adjustm^t of the cross wires is a pint of 
exft’^e Importance. Upon whatever portion of an object 
glass parallel rays fall, they are converged precisely to the 
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nmm point in its focus, and consequently, whether the {ani- 
mator be placed above or below the axis of the telearape of 
the circle, so long as the cross wires continue visible, the 
image will suffer no change of position. This affords an ex- 
cellent method of discovering any want of parallelism in the 
rays ; for if on placing the collimator as much above the axis 
of the telescope as possible, without losing sight of the cross 
wires, the image appears elevated above the horizontal wire, 
or if on placing it below the axis, the image appears to have 
descended, it is a proof that the rays falling upon the object 
glass of the circle are not parallel, but that they converge, 
and consequently that the cross wires of the collimator are 
too far from its object glass, and vice vena. It is necessary 
that this adjustment should be made with the utmost care. 

It might possibly be supposed that the accuracy of the 
collimator would be augmented by increasing the length of 
its telescope, but this is not the case. It is the direction of a 
ray passing through the cross wires, and the centre of the 
object glass of the collimator, w^hich is the subject of observa- 
tion ; and the direction of this ray is as definite in a telescope 
of an inch in length, as in one of ten feet focus. The degree 
of precision with which any variation in the horizontal incli- 
nation of this ray can be estimated, depends upon the length 
and power of the telescope employed to view the cross 
wires, and not upon the length of that of the collimator. 
There is an inconvenience however in using a telescope of 
too short a focus, as the cross wires are very much magni- 
fied, and consequently appear not so well defined ; in addi- 
tion to which, if a permanent point of reference be required, 
there might be some fear that the relative positions of the 
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mdt Mglit suffer derangement, and the direc- 

tion erf* ^ ray he consequmtly changed. 

I may here point out an advantage, and not the l^st valu- 
able, which this kistrumeit presents, that of enabling the 
observer, by varying the inclination of the float, to bring a 
ciflferent part of the arc into use, and thus to check erro- 
neous division of the circle : this may readily be done by 
securely fixing weights to either end of the float. ^ 

I shall now proceed to give a description of the manner in 
which the floating collimator may be applied to the zenith 
tube. 

The first zenith tube was I believe constructed for Dr. 
Tiarks. It was a telescope hanging in Y s upon pivots pro- 
jedang from each side of the tube near the object end, and 
furnished with a wire micrometer : to this telescope a plumb 
line was attached. 

When the star was upon the meridian, and of course suffi- 
ciently near the zenith to be seen in the telescope ; it was 
bisected by the micrometer wire, and the divisions regis- 
tered. The telescope was then inverted in the Y s, re-ad- 
justed by means of the plumb line, and the following even- 
ing the star again taken, when the mean of the readings of 
the imerometer gave its zenith distance. 

In the construction of the superb zenith tube 25 feet long, 
now making by Mr. Troughton for the Royal Observatory at 
Greenwich, I imderstand it is intended that the axis of the 
tube shall be the centre of motion, and the plumb line be 

* Tbe above advantage may be considerably extended fay the collimator being so 
constructed as to allow the inclination of Uie telescope to the float to be varied at 
pleasure. 
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suspendetl at the side. When the observations have hem 
made a snfident number of times with ifie plumb hne on one 
side, the tube will be turned half round, and the obi^vations 
repeated with the plumb line on the other side. The mean 
of both giving the zenith distance as before* 

In this conslaruction the zenith distance cannot be oln:amed 
in one evening ; for were the telescx>pe to be turned half 
round after the first observation, so much motion would be 
communicated to the plumb line, that there would not pro- 
bably be time to re-adjust the instrument before the star 
would have passed out of the field of view. 

As it is highly desirable that the completion of the obser- 
vation should not be postponed, I endeavoured to effect 
this in a very fine zenith tube, which was constructed under 
my directions by Mr, Dollond for Colonel Lambton, and m 
another for Sir Thomas Brisbane, by placing the plumb line 
in the centre of motion ; but these various forms are still 
subject to one or other of the inconveniences which have been 
detailed in the preceeding parts of this paper, and which it is 
the object of the floating collimator to remove. 

The accuracy of the instrument I am about to descrite, 
will depend upon the goodness of the telescope and of the 
wire micrometer employed. Exclusively of these it is within 
the reach of every observer, as the whole arrangement may 
be completed without difficulty and at a very trifling aost. 
Expence may contribute something in point of ccmvenience, 
but can add nothing to its efficiency. 

To a firm wall, at a sufficient height, let a shelf be fixed 
and supported by a bracket at each end. In the middle of 
this shelf let a circular aperture be made, rather larger than 
the object glass of the telescope. Precisely breath, and at a 
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Htlie dl^laHce from this aperture, the telescope is to he 
securely fastened to the wall in the direction of tlte zenith; 
TMs may perhaps he cnnveniently done by two irons driven 
into wall, terminadng in rings, into which the telescope 
may he passed and clamped. A box of sufficient mze to 
crni^in the flcmting collimator being prepared with a circular 
aperture in the bottom of it, a very little less than that in 
the shelf, a piece of tube made of sheet iron, varnished brass, 
or even tinned plate, well painted or varnished, of a size 
to fit very tightly into the aperture of the box, must be 
passed into it and secured so as to project above the bottom 
on the inside gui inch or two, and on the outside two or three 
inches more than the thickness of the shelf. The part of the 
tube outside the box must be passed through the hole in the 
shelf, and the box may then be readily turned about the 
axis of the tube as a centre. The side of the box being placed 
nearly in the direction of the meridian, its position must be 
determined by a pin driven perpendicularly into the shelf, so 
as to come m contact with a pin projecting from one comer 
cd* the box near the bottom, and in the direction of one of its 
sides. The box is then to be turned half round in azimuth, 
and a pin is to he fixed in the opposite end of the box in con- 
contact with that in the shelf. By this cx>ntrivance, the box 
may be turned at pleasure half round the azimuth. 

Hie float should be of cast iron, with a hole in the middle 
an inqb larger in diameter than the tube. It is to he fur- 
nished with pins, and the box with corresponding grooves 
to steady it, as before described. An arm of plate ir<m is to 
be fixed to the float, its edge being at right angles to the 
surface. This arni is to project over the aperture, and to ter- 
minate in a small tube at the ceirtre, to receive a telescope not 



tog^r ttaa that of a sextant furnish^ with orossei wires,^ 
Had haviiig its ohject glass aext that of the zenith tobe. 

To any convenient part, either of the shelf or of 
wall, a support must be fixed, to which a circular ser^i 
of blackened tin may be attached by a joint, so as to be 
elevated to the vertical or lowered to the horizontal posi- 
tion at pleasure. In the centre of this screen a hole is to be 
made rather smaller than die telescope of the collimator. 
The screen is intended wh^ in use to occupy a honzcmta! 
position, just above the crossed wires of the collimator, and to 
exclude false light firom the object glass of the zenith tube. 
In order to illuminate the whres of the (X)llimator, a small 
plane reflector, which may be of planished tin, is to be at- 
tached at a convenient angle to the upper side of the screen 
over its aperture. This may be made to turn stiffly upon a 
hinge to vary its inclination. 

Having put a sufficient quantity of mercury into the box to 
enable the float to act freely, the saeen must be turned up 
and the micrometer adjusted, so that a star may pass along 
its moveable wire. The screen being then restored to its 
horizontal position, the crossed wires of the collimator will be 
distinctly seen when the arm carrying its telescope must be 
bent till they api^ar in the centre of the field of view, and 
the telescope of the collimator must be turned in its tube till 
the oppcisite angles ^ the crossed wires are bisected by the 
micrometer wire. TThese ac^ustments may be considered as 
permeant. 

To determine the zenith distance of a star, it must 

* A smaU itet a|i«m forms a very neat object msteaS of 

tltt cross^ wires, biit |ome tiials, I it eaxumt be stiMcientir 
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<)f tl^ 1^ 

-'1^.%-^^ m '1^ turn^ tilt i^n hMm^ 

.l^:#®eTOlci^0tiiet€riw#?^^^^fca4^^;li(^I^V'^ uteioi ^ 

^ iteg’ y$e 0 ti<kt^ is- the fey ■■ diffepei^ 

■ tl»s star's 25@5ith distiaa^r ^ 

It is evident that the of the 

2 onlth amy _he repeated at that the 

-^^poT/if any, in the tmkh tflfefe, iilthfeely refe- 

r®d to if^curate Msectiiai tapedk^m dt the 

sdi^w^ofthe .micrometer,-'- : " -f^'' ’' ' ' ”'■ -'•^''■'f; 

I'-may remaiHk, hef6re'i'-aa^^^,’''l^^^^t^^ra|^,^ similar 
-to that 1 have used- in-the hia^P^l be em- 

-feyed m a mfelian m#k when 'a 

4^tant mm csmk^he obtaits^iAd^^^ tiiem:®yi«d wires 
aU'eicceifetdfejedl line of 

odffiimadon.- ■ -For this he fi-rmiy 

fi^ed .in the proper po§lt^:'^- 7 |i^^^^^^^^e;-- 5 ^rs dme 
to'^kfect this by 'means cf :a ^ss vrmm 

^^Its.i^us, bid: as it did 

f was umaMe to place- 'it Jh'* affer 
m^y unsuoce^ful 'trials ^ 

♦ The length of tihe'tdescojpe is li&' laa^tant / 

f -ihis Pap#?' was w*it|en, I 'hatrc 'dis#ver^^P*:^fe:d^.f«aiE% 85 , siieh a 
nW^k.was'actiially ^ the |H»r- 

p€^;|^ glass of a telesco^ thir^irs«- feet foi^» It 1 ^, ofwhi^ Sf# 
plei^ a plate, having several coiicetttric ohTclefi^iirfnp<Hi it. See Transa^ 
i^ms of ^ Aimncm Fhilosophicd Society, vol, H. 
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VIII. ^ otice on the Iguanodon, a nevoly discovered fossil rept^^ 
from the sandstone of ’Tilgate forest, in Sussex. By Oideok 
Mantele, JF. jL. S. and M. G. S, Fellow of the College of 
Surgeons, ^c. In a Better to Davies Gilbert, Esq, M, F. 
V, F. B, S, ^c, ^c. Communicated by D. Gilbert, 

Head February lo, 1835. 

Sir, 

I avail myself of your obliging offer to lay before the Herfiad 
Society, a notice of the discovery of the teeth and bcRies of a 
fossil herbivorous reptile, in the sandstcme of Xilgate fearest ; 
in the hope that, imperfect as are the materials at preset 
collected, they will be found to possess sufficient interest to 
excite further and more successful investigation, that may 
supply the deficiencies which exist in our knowledge of 
osteology of this extraordinary animal. 

The sandstone of Tilgate forest is a portion of that exten- 
sive series of arenaceous strata, which constitutes the iron-simd 
formation, and in Sussex forms a chain of hills that stretches 
through the county in a W. N. W. direction, extending from 
Hastings to Horsham. In vwous parts of its cx>urse, but 
more particularly in the country around Tilgate and St. Lieo- 
nard's forests, the sandstone contains the remains of samian 
animals, turtles, birds, fishes, shells, and vegetables. Of the 
former, three if not four species belonging to as many ge- 
nera are known to occur, viz. the crocodile, megalosaurus, 
plesl<^aurus, and the iguanodon, the animal whose teeth 
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form the ^subj^ of this commimkation. The existence of ^ 
gigantic species of crooxiiie in the wat^s which deposited 
the sandstone, is satisfactorily proved by the oCcnirence of 
numerous conical striated teeth, and of bones possessing the 
o^^fogical characters peculiar to the animals oT that genus ; 
of the megalosaiirus, by the prei^nce of teeth and bones 
semMing those discovered by Professor Bucklako in the 
^onesfield slate; and of the plesiosaurus, by the vertebrae 
and teeth analogous to those of that animal. 

The teeth of the crocodile, megalosaurus and plesiosaurus, 
differ so materially from each other, and from those of the 
other lacertae j as be to idaitified without diflSculty ; but in the 
summer of iSss, others were discovered in the same strata, 
whkh although evidently referable to some heihivorous rep- 
tife, possessed characters so remarkable, that the most super- 
ficial observer would have be^ struck with their appearance, 
as indicating something novel and interesting. As these 
t^h were distinct from any that had previously come under 
my notice, I felt anxious to submit them to the examination 
of pers<ms whose knowledge and means of observation were 
more extmsive than my own ; I therefore transmitted spe- 
dmens to some of the most eminent naturalists in this conn* 
iry , ami the ccmtinent. But although my communications 
ware acknowledged with that candour and liberality which 
ccmstantly characterises the intercourse of scientific men, yet 
no light was thrown u^m the subjak, except by the iilus-^ 
nious Baron Cuvier, whose opinkms wffl best appear by the 
Mlowing extract frcjm the ooiresponttence with wMch he 
iKmcBiredme-.' 

dents me sontcertahiamaitinccain^e^ ; 
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p^t 4"ttn aaimal : caimssler^ et cependant je <^i$ ^ju'ddes 
vu tear peu de qomplication, leur dmtehire 
sur les bards, et le couche mince d"4mail qui les revet, a 
I’nrdre des reptiles. A I'apparence ext^^rieure on ppmrait 
aussi les prendre pour des dents de poissons analogues aux 
tetrodms, ou aux diodons ; mais leur structure int^rieure est 
fort diff^rente de celles Ik* N'aurions-nous pas ici un aid- 
mal nouveau, un reptile h^bivore? et de mdme qu'actuelie- 
ment chez les mammif^res terrestres, c^est parmi les herbi- 
vcn?es que Ton trouve les esp^ces a plus grande taiile, de 
mtSme aussi chez les reptiles d'autrefois, alprs qu'ils 'etaient 
les seuls animaux terrestres, les plus grands d'entr'eux ne 
se seraient-ils point nourris de veg^taux? Une j^rtie des 
grands os que vous possidez appartiendrait a cet animal, 
unique, jusqu^a pr^ent, dans son genre. Le terns con&r^ 
mera ou infirmera cette idee, puisqu'il est impossible qu'on ne 
trouve pas un jour une partie du squektte reunie a des por- 
tions de machoires portant des dents. C'est oe dernier objet 
surtout qu'il s’agit de rechercher avec le plus de perseve- 
rance/' 

These remarks induced me to pursue my myestigations 
with increased assiduity, but hitherto they have not been 
attended with the desired success, no connected portion of 
tl^ skeleton having been discovered. Among the specim^s 
lately collec^d, some however were so perfect, that I re- 
solved to avail myself of the obliging offer of Mr. Gwrr^ (to 
whose kindness and liberality I hold myself particularly in- 
dited) to assist me in comparing tiie fossil ^th with those 

the recent lacertae in theJMuseum of the Royal Goilege 
^Surgeons. Tte lei^t of this exmnInaticBj poyjdi highly 
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to preset to the College, we ditoovei:ed toe& posam- 
mg the form ^d structure of the fossal specimeua. 

fo the annexe drawings Pkte XIV. exampk^ cf tte rs^^rU: 
aj^ fossil teetli ate represented^ and the peculiar el^iaetm 
^ each accurately shown ; , a descripti<m of it in this |dai^ 
will mider the subsequent observaticms more intolb^ble. 
Fig, 8 reprints a portion of the upper jaw of the iguana 
viewed from within ; it is minified four diameters. 

9 a shows the inner, and 9 h the outer surface of a tooth of 
the same, ^eatly magnified. It may be proper to remsu*k, 
that the teeth differ considerably in the nianber of points, 
and that the^aainence at/, fig. 9 n, is sometimes tte first or 
second in the series, instead of being the third, as in the 
figure, fe some teeth the points vary but little in size ; they 
are in<n?e di^inct on the edges dT the teeth ocscupying the 
c^tre of the jaw, than in the anterior and^ posterior ones. The 
i^eletcm from which the drawings were made is three feet 
six inches in length. It is said to be the common edible 
iguana of the West Indies, but I have not been able to asc^- 
tmn its spraes with cartainty. The remaining figures repre- 
s^t different examples of the fossil teedi. 

Fig. 1, a represents the outer, and fig. 1. b Ae inner sur- 
fitoe of one €i die largest and most perfect specimens erf the 
t^th of the iguanodon. As die letters of reference in each 
figure mdicate tte same parts, diey are explained here to 
avoid repetition. 

a. Surface worn by masdeadon. 
k The serrated edges, 

A Fang broken; the cavity filled with sandstosie. 
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rf. Cayity or iepre^sion m the base Qf the fang, the effect 
df absori^ion caused by the pressure of a secondary tooth.^ 

e. Ridge extending down the front of the tooth. 

Fig. s. This tooth evidently belonged to a young animal ; 
yet even in this example the apex is worn away, (see a. 
fig. s €,) The ridge extencfing down the front (see e fig. 2 a.) 
is more or less distinct in every specimen. 

Fig. 3* A tooth much worn by mastication. The serrated 
edges and other characters aie obliterated, the tooth being 
worn down to the point marked by the line atg, fig. 1, a. 
The fang has been removed by absorption ; and the cavity 
formed by the pressure of the new tooth is very deep. 

Fig. 4. In this specimen the point is perfect, and it there- 
fore more closely resembles the recent tooth (fig. 9.) dian 
those above described. 

5. Is another example, where the point is but little worn. 

6 . A large strong tooth less curved than fig. 1 and 2. It 
probably occupied a place in the posterior part of the jaw. 

7. In this figure, the cavity of the base of the fang for the 
reception of the new tooth is remarkably distinct. 

The teeth above described, although varying from each 
other in some particulars, do not present greater dissimila- 
rity thm the difierences arising from age, and the situatioa 
they resj^ctively occupied in the jaw, would be liable to pro- 
duce, Like the teeth of the recent iguana, the crown of the 
tooth is accuminated; the edges are strongly serrated m 

^ The hollow hei^ described is so constantly found in every example, that it 
cannot be accidenful. From the close resemblance it b^s to the cavity formed in 
the base of the fangs of the tecent iguana, by the s€s:ondary teeth! {Vide d, fig. S) 
it may be cotifi^ntly pmumed tlat it is the eifect of a simikr cause. 
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the outer aitfaee fe ri4g€4, aa4 
an4 oEiivex ; ^ttd asm that aihmal the i^cbodary teeth appear 
to have he^ formed m a hollow in the ha^ of tte pnmary 
«mes, which they expelled as they increased In Mxe. flrdmdie 
appe^ajK^ of the fangs in smii fossil teeth as are m a good 
state of preservation, it seems probable that they adhered to 
the inner side of the maxillae, as in the iguana, and weie not 
placed in separate alveoli, as in the crocodile. The teeth ap- 
pear to have been hollow in the yoiing animals, and to have 
become solid in the adult. The curved teeth (figs, t, a.) 
probably occupi^ the front of the jaw ; and those which are 
nearly straight, (fig. s.) the posterior part. 

It appears mmecessary to dwell longer on the resemblance 
existing between the recent and fossil teeth. Whether the 
animal to which the latter belonged, should be considered as 
referable to existing genera, differing in its specific characters 
only ; or should be placed in the division of enalio-sauri of 
Mr. Ck)NYBEARE, which includes marine genera only, cannot 
at pri^ent be determined. If however any inference ibay 
be drawn from the nature of the fossils with whkh its re- 
mains associated, we may conclude, that if amphibious, it 
was not of marine origin, but inhabited rivers or fresh- water 
lakes ; in either case the term Iguanodon, derived from the 
form of the teeth, (and which I have adopted at the si%ges- 
tkm of the Rev. W; Conybeare) will not, it is presumed, be 
deemed olgectionable. 

It has already been mentioned, that of the bones of ovipa- 
rous quadrupeds found in the sandstone of Tilgate forest, 
some are decidedly referable to the crocodile, and ethers to 
the megalosaurus and iguanbdon ; hut our knowledge of the 
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osteology of the latter is at pre^nt so limited, that lintil soihe 
connected portion of the skeleton shall be discovered, it is 
impossible to distinguish the bones of the one from those of 
the other. Since, however, the teeth of the iguanodon are not 
known to occur in the Stonesfield slate, perhaps such of the 
bones from Tilgate forest as resemble those figured and 
described by Professor Buckland, in Vol. I. Second Series of 
the Geological Transactions, may be attributed to the mega- 
losaurus ; while others not less gigantic may be assigned to 
the iguanodon. That the latter equalled, if not exceeded the 
former in magnitude, seems highly probable ; for if the re- 
cent and fossil animal bore the same relative proportions, the 
tooth, fig. 1. must have belonged an individual upwards of 
sixty feet long ; a conclusion in perfect accordance with that 
deduced by Professor Buckland from a femur, ^ and other 
bones in my possession. 

The vertebra, as in the greater part of the fossil saurians, 
differ very materially from those of the recent iguana, cro- 
codile, &c. They are not concave anteriorly, and convex 
posteriorly, but have both faces slightly depressed, resem- 
bling in this respect the vertical column of one of the fossil 
crocodiles of Havre and Honfleur, But among the recent 
lacertge there are some, as the Proteus of Germany, the 
Syren of Carolina, and the Axolotl of Mexico, in which the 
vertebras are deeply cupped at both extremities ; and since 
the fossils in question are clearly of the saurian type, hav- 
ing the annular part united to the body of the vertebra by 

• Vide Professor Bxtcklaitd’s notice on the Megalosaurus. Geol. Trans. Vol. I, 
S^ond Series, p. 391. 
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IX* An experimental enquiry into the nature of the radiant heaU 
ing effects from terrestrial smtrces. By Baden Powell, M. A. 
F, R, S, of Oriel College^ Oxford, 

Read February 17, 1825, 

(1.) The nature of the heating effect emanating from lumi-- 
nous hot bodies has been distinctly shown to be, in many 
particulars, very different from that evolved from notpdumU 
nous sources ; but the ideas commonly entertained on the 
subject, are far from being precise and distinct. To gsun if 
possible some ground for establishing more clear views, is 
the object of the following enquiries. 

(2.) Professor Leslie, in his well known and elegant expe- 
riments, {Inquiry concerning Heat, &c. chap, iii.) has fully 
established the theory of the effect of screens on radiant heat; 
and these effects give some of the most important criteria for 
examining the nature of radiating agents. 

Those experiments apply only to the heat evolved from a 
non-luminous source. It therefore naturally becomes the 
subject in question, whether the interceptive power of glass 
is not limited to a certain temperature, or state, of the radi- 
ating source ; and to this point accordingly the attention of 
several eminent observers has , been directed in many well 
known investigations, among which those of M. De La 
Roche are justly regju^ded as the most important and com- 
plete. In these experiments it appears, that a greater effect 
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is produced on a blackened thermometer when a gla^ 
screen is interposed, in proportion as the body imder trial 
approaches nearer its point of luminosity, or becomes more 
intensely luminous. (Biot, Traite de Phys. tom. iv. p. 638. ) 
{^n. of Philos. O. S. vol. ii. p. 163.) 

Both M. De La Roche and M. Biot (See Biot, iv. 613.) 
^m disposed to view the results obtained by the former 
upon the supposition of one simple agent, the principle both 
of light and heat. This is at first radiated as heat ; at a cer- 
tain point it begins to assume the form of light, when the 
interceptive power of glass decreases in proportion to the 
Increase of luminosity. 

(3,) As long as the hot body continues below the tempera- 
ture of luminosity, the partial or total interception of the 
effect is precisely the same phenomenon as that described by 
Professor Leslie in his experiments on screens and explica- 
ble in the same way ; (Phil. Trans. 1816, Part I. On new 
Properties of Heat, Prop, 40.) And the apparent transmis- 
sion of a portion of the effect must be referred to the same 
principle, as is clearly shown by Dr. Brewster, who has 
established, apparently beyond contradiction, the imperme- 
ability of glass to simple radiant heat upon quite indepen- 
dent principles. 

(4.) Above the temperature of luminosity we must have 
recourse to further considerations. The hypothesis of M. M. 
De La Roche and Biot appears to be nearly the same as 
that of Professor Leslie (Inquiry, p. 163). And it certainly 
has the merit of simplicity and satisfactory explanation of 
the phenomena. But it is an opinion which has not received 
direct proof j and it is also obvious, that the phenomena may 
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be explamed without it ; for we may just as well account for 
tl^ facts, by supposing two distinct heating influences, one 
asscK:kted in some very clo;^ way with the rays of light, 
as It were by them through a glass screen without 
heating it ; the other being merely simple radiant heat, 
^Btoed by tlie screen exactly as the radiant heat from a noh- 
luminous body. 

: (s ) In order to ascertain which of these suppositions is 
true, it will not be sufficient to observe the effects produced 
by the intervention of a screen alone. We must combine this 
method with an examination of the relaflons of different sorts 
of heat to surfaces. These relations have been shown to 
fer according as the body is luminous, or not ; in the one 
case, the direct heat affects bodies in proportion to the dark- 
ness of their colour, without regard to the tejcture of their 
surface ; in the other, the magnitude of the effect depends 
solely on the absorptive texture without reference to colour. I 
use the term " absorptive texture,'' to signify that peculiar 
state of division in the particles of the surface, which has 
been shown, by Professor Leslie and others to be most sus- 
ceptible of the infiu^ce of simple radiant heat, and always 
to give a proportionally greater radiating power. 

The question then is entirely one of facts ; and involves no 
hypothesis as to the nature either of light or of heat. The 
object is simply to ascertain by experiment, whether, of the 
total heating effect radiated frrnn a luminous hot body, the 
portion intercepted by a transparent screen is of the same 
nidure as, or different from the part transmitted in its rela- 
tions to the surfaces on which it acts. 

(6.) In conformity with this view of the object proposed, 
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tbe general principle of the following experim^t^ is fliis ; 
taking diff^*^t luminous hot bodies, to expo^ to t^r influx 
ence two thenncHiieters presenting, one, a smooth bki^ mr^ 
flce, the other an absorptive white^ne : thus obtaining tte 
ratio of ^ total direct effect on the two, we may compare it 
with the ratio similarly observed, when a transparent screm 
is interposed. 

(7.) This prindple of experimenting was applied, with one 
or two variations : and though in the abstract sufficiently 
simple, it will in practice require an attention to several con- 
siderations. I shall therefore proceed in the first instance to 
the detail of the diflferent particulars ; then give the results of 
the experiments in a tabular form ; and lastly, recapitulate the 
conclusions, and make a few general remarks. 

I. (8.) In the following set of experiments two common 
thermometers were employed. The diameters of their bulbs 
were, thermometer A, 0.6 inch,; 8,0.55. A, was coated 
with a wash of chalk and water, and B, with Indian ink. 

In order to compare the effects to be observed with those 
of simple radiant heat, I ascertained the ratio of the effects of 
the latter on the two bulbs thus coated, by a few preliminary 
trials ; and found it to be very nearly one of equality, or 
perhaps the effect of the white rather greater than that of the 
black. 

The two thermometers were graduated to quarters of cen- 
tigrade degrees ; and were both fixed on one mounting with 
their bulbs detached about one inch from its lowest part, and 
at the distance of about three-quarters of an inch fmm each 
other. 

( 9 -) In the ad s^ of experiments they were fixed into the 
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top of a box, the front of which was open, so that the glass 
screen could be applied to it or not, as required. Wtejii the 
screen was not used the box would acquire more heat, and 
radiate it to the bulbs in a small degree ; which affecting them 
in the inverse ratio of their diameters, would diminish the 
ratio of their risings. That this diminution was very trifling, 
and not at all sufficient to account for the observed difference 
of ratio will be evident, because the 1st set was made with- 
out employing the box, the thermometers being suspended 
at a ffistance from any object which could radiate heat to 
them ; and in this set the difference of ratio is quite as con- 
spicuous. This remark applies likewise to the possible com- 
munication of heat by the air. 

(10.) We must also take into consideration the effect due 
to the glass screen. When we consider the two bulbs as 
heated only by that part of the radiation which is transmitted 
through the screen, the screen may be regarded simply as a 
third body placed near the two bulbs ; and whether it pos- 
sesses a higher or a lower temperature, there will be a ten- 
dency to bring all three to an equality in proportion to the 
difference of temperature, and in the bulbs, dependent on 
their diameters modified by the state of their surfaces. This 
effect arises from simple radiant heat, whilst that derived 
from the luminous hot body, is evidently following a different 
law with regard to the surfaces. It will easily follow from 
what has been already shown, that such a secondary heating 
effect will be of a kind tending to diminish the ratio other- 
wise obtaining between the effects on the two bulbs. If the 
effect were of a cooling nature, the same thing would also 
take place : for I ascertained that the radiating powers of the 
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coisttings employed, deduced froan the observed ra^^ of cwlU 
ing, were in it ratio which happened tx> be almost exa^y 
the inverse of that of the diameters ; but this effect is pro- 
bably always small, and I liave roughly allowed for it, as 
will be seen immediately; taking the temperature of the 
screen by a small thermometer having its bulb in contact 
with the central part of the surface. 

IL (i 1 .) I now proceed to state the results, which will be 
most conveniently exhibited in a tabular form. 

1 st Set. Incandescent iron. Distance 7 inches. 


Glass screen. 



Rise of Thermcaneter in 

Experiment. 

1 min. centigrade. 


A. White. 

B. Black. 

1 

1 .S 5 

2.5 


1.25 

Is. 

Mean 

1.25 

2.75 

Allowing for the sczieen 7 ^ 

2.5 

1 (as below. 



No screen. 


1 

7.5 

9.76 

2 

e .6 

7.75 

Mean 

7. 

8.7s 

Difference of exposed 7 ^ 


and screened results. 3 

O.S5 
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(is.) Argand lamp without its chimney. Distance 3 indies. 


Glass screen. 



Rise of Thermometers in 

Experiment. 

1 min. centigradge. 


A. White. 

B. Black. 

1 

.75 

1.75 

S 

.5 

2.25 

3 

.75 

2.25 

Mean 

.66 

2.08 

Allowing for the screen. .4 1 

1.83 


No Screen. 


1 

1.75 

35 

S 

1*75 

3.25 

s 

2. 

3.5 



Mean 

1.8s 

3.41 

Difference of exposed > ^ ^ 

and screened results. 5 ^ 

1.58 
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(is,) IP. Set. Incandescent iron. Distance 6 inches. 

Glass screai g inches from hufts. 
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(iB.) In these experiments it will be evident upon inspec- 
tion, Aat the ratio of the effects produced on the white and 
black bulbs, is in every instance considerably greater when 
they were affected only by that part of the total heating in- 
fluence wWch is transmitted through a transparent scr^n, 
than when they were exposed to the whole. This then would 
indicate, that on the removal of the screen ^me new heating 
power was brought into action which affected the ratio by the 
addition to each of its terms, of quantities in a ratio expressed 
by that of the difference of the exposed and screened results 
above given. This ratio is evidently one differing a little 
from equality, and agreeing nearly with that of the diameters 
of the bulbs inversely. 

(i6.) The experiments now detailed will probably be con- 
sidered sufficient to substantiate the conclusion ; but in re- 
searches of this kind, where great numerical precision is 
unattainable; it seemed desirable to give the experiments 
that confirmation which they wanted in point of intrinsic 
accuracy, by frequent repetition and variation. With this 
view I made a great number of trials with a large differential 
thermometer ; the bulbs were about one inch in diameter 
and nearly three inches apart. The bore of the tube was 
about of an inch. Many of the experiments made with 
this instrument I shall not mention, as, although all agree- 
ing to confirm my former conclusions, they were complicated 
by several unnecessary conditions. 

(17.) In order to obtain results in the most simple manner, 
it was desirable to get rid of any action on one of the bulbs, 
and to expose only the other ; the instrument thus acting 
simply as an air thermometer. The effects on each bulb, one 
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teiiig painted with indian ink, and the other coated with 
white silk pasted on, when exposed, might thus be compared 
with those through a glass screen. I first tried the experi- 
ment by placing the bulb in the focus of a spherical tin 
reflector about six inches diameter; by this means the source 
of heat could be placed at a sufficient distance to preclude 
any effect from the glass screen. 

(18.) The experiment was again varied by placing a large 
opake screen before the instrument, in which was an aper- 
ture through which one bulb might be exposed. To this 
aperture a piece of glass could be applied ; each bulb was 
presented both? with and without the glass. 

( 19.) In all these experiments it is evident, that any heat- 
ing effect arising from the screen, would taid to diminish 
the ratio of the black and white effects; and this not being 
allowed for in the statement of the result, the difference be- 
tween this ratio and that of flie exposed effects will be in 
reality greater than appears. 

The result are comprised in the following table. 

(so.) Lamp. Bulb in the focus of a reflector. 

Coatings white silk, and indian ink. 


Experiments. 

Screened. 

Exposed 

White, 

Black. 

White. 

Black. 

1 

5 

8 

11 

15 

S 

4 

9 

13 

15 

3 

6 

11 

12 

14 

Mean in 30 sec*. 5 

9 3 

12 

15 
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(si.) Incandescent iron. 


1 

4 

7 

11 

13 

s.- . i 

4 

6 

10 

10 

Mean 

4 

6.5 

10.5 

11*5 


(ss.) Lamp. One bulb covered by an opake screen, the other 
exposed at an aperture. Dist. $ inches. Screen i .5 
inch from bulb. 


1 

4 

e 

8 

11 

a 

3*5 

6 

9 5 

12 

3 

4 

6 

8 

10.5 

4 

3 

6 

8 

12 

Mean in 1 min. s-d 

6 

8.3 

11.3 

) Incandescent iron. 

in 30 sec*. 

3 

4 

la 

9 


(s4.) It is perhaps not worth while to make any formal de- 
ductions from these results as lx> the ratios subsisting in the 
different cases. It will be sufficiently evident upon inspection, 
that when ail due allowances are made, the ratio of the effects 
upon the white and black bulbs is considerably greater when 
they were aflfected only by the transmissible part of the 
heating effect, than when they w^e exposed to the whole. 
The part then which is added on die removal of the screen, 
is of a nature tending to add to the terms of the former ratio 
quantities in a rado much nearer equality : quimtities in a 
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ratia v^ery sumlj which the eWms of simple m^imt hmt 
weuld give. 

lit (s^.) I have above adverted to ail the sources of ^or 
which occur to me as likely to have aflfeeted tl^ae iwite ; aud 
whe» these m*e taken into consideration, as well as the n^ure 
of the experimwits and apjwiratus, the i^cord^^ which the 
different results exhibit, is perhaps as dose as we cm ex* 
pect ; and it appears that all the different s^ of exp^fmi^ts 
agree in showing a very ccaisiderable difference in the 
of the effects produced m a smooth black, and on an abscsrp- 
tive white surface, by that part of tile radiant edict trans^ 
mitted through glass, and by the total effect. If the t^l diriM 
effect were the result of one simple agmt, the mterymtron 
of the glass would, by intercepting some part of it, produce 
no other alteration than a diminution of intensity ; the ratio 
of the two effects would remain unchanged. This distinction 
appears to me of scaae importance towards clearh^ our 
ideas respecting the nature of the phenomena, and thus afferd- 
ing an answer to the questiw originally proposed in refe- 
rence to ^me theoretkai views, wjudi, though boasting die 
sancticm of high authority, wiU be untenable if tl^ validity of 
these results be admitted, 

(a6.) The general condi^ioi^ all these experiments 
may be thus i^::apitulated : 

xst. Tte p^ of the heating effect of a luminous hot body 
whidi is cabbie of being tiailsmitt^ in the way of dhect 
radiati<m timoi^h gkss, affets bodies in proportion to their 
of colmr, wititout mi&tenm to of their 

smrfaces^ 

td* That whi<A k mtm^ed prodhtces a p^ter elhct in 
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|m)porti(Mi to the absorptive nature of texture of the surface, 
without respect to colour. These two characteristics are 
those which distinguish simple radiant heat at all intensities. 

Thus then when a body is heated at lower temperatures, 
it gives off only radiant heat stopped intirely by the most 
transparent glass, and acting more on an absorptive white 
surface than on a smooth black one. 

At higher temperatures the body still continues to give 
out radiant heat, possessing exactly the same characters. 

But at a certain point it begins to give out light : precisely 
at this point it begins also to exercise another heating power 
distinct from the former ; a power which is capable of pass- 
ing directly through transparent screens, and which acts 
more on a smooth black surface than on an absorptive white 
one. 

(27.) This last sort of heat, whatever its nature may be, 
is essentially different from simple radiant heat. It apjjears 
to agree very closely with what the French philosophers 
term Caiorique lumineux,'' and is, according to Professor 
Leslie's theory, a conversion of light into heat. These 
views of the subject are certainly gratuitous assumptions. 
We have no right whatever to identify those two agents, or 
to suppose that, because a heating effect very closely accom- 
panies the course of the rays of light, the light is therefore 
converted into heat ; but the theories above alluded to, seem 
to regard the wko/e heating effect of a luminous body as of 
this latter character. In this particular, the present inquiry 
has led us to an essential distinction ; and if the experiments 
are to be relied upon, this peculiar sort of heat constitutes 
only upoxt of the total effect. These results do not indeed 
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ptesmt so simple a th^ry as that allMed td^ te ttey 
very obviously it> the explanation oC 
corded by various experimenters. 

(s8.) The peculiar heat above spoken wMdi^ for 

the sake of disrinction and brevity, we may call ‘^‘ trans- 
missible heat,"' is similar to that which acts in the ^^lar rays, 
and whicli there (xmstitutes the total effect. It ia thia kfed of 
heat which has been employed as a principle photc^etfy,^ 
on the assumption that it is precisely pr<^rriOnaf ^tO ttein- 
tensity of light. Within certain limifei this maybe' 
but there are unquestionably circums|aR€5e&^ Ibe 

relation is very different ; such for example, as difference of 
colour in the light : and in general it cannot be assumed to 
hold good in light from different sources. To show this, 
there is a remarkable instance in incandescent metal, which 
produces but very faintly illuminating rays, yet its “ trans- 
missible heat" is very considerable. I have xepeatedly tried 
tlie experiment with a small “ photometer," having one bulb 
painted with indian ink and the other plain ; the bulbs 
being in a vertical line ; this instrument whether employed 
with or without its case, or a glass screen, always gave an 
effect of about lo® in 30^ at eight inches distance from, a 
ball of iron heated to the brightest point in a common fire. 

(£9.) In making these last experiments, the effect was 
always greater when the instrument was used without its 
case, or a glass screen. This was no doubt in part owing to 
the greater action of the simple heat now admitted to the 
instrument on the coated, than on the plain bulb ; but it was 
also in part occasioned by the circumstance, that the stem 
going to the upper bulb passes in contact with the lovrer, 
Mocccxxv. Dd 



being a soli# mte eomp^ed with the thin Imlb, is slower 
ki aqqoirlog heat^ and therefore cools it, thus inci^asing die 
api^rent e^t on the other. 

( so. ) In a variety of <^er experiments which I have tried, 
using eitJi^ this ‘‘ photometer,-' or another having the bulbs 
at equid heights, varimis apparent anomalies presented them- 
i^ves, all which I found easily explained on the principles 
here established of two radiations, when connected with the 
v^ous other considerations to which it is necessary to refer 
wten employing instruments of this description; but I do 
not <xmceive it necessary to enter into any further details. 
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X. On the Anatomy of the Male^orickH, By J. M BL 
and F. R. S, Reg, Prqf. of MeMdne in the JJnivm^y ^ 
Omford, 

Read Febihiary 3 arid iFebmaiy 10, 1825. 

The following dbservaticms contain tbe {oiiidpal pdnb^ of 
a labonotiis examiitadon of tlie ana^mical atnietiire of the 
grylldtalpa, or mole^cricket ; and if I dare hc^ that that 
animation has been conducted withrany thing like adequate 
accuracy, I need not apologize for the length <£ the d^uls 
^th which the account of it is accom|mnied, sin<^ Cuvibr 
has affirmed of an imtire volume written by Lyonnet on the 
anatomy of a single species kA caterpillar, that it contdns 
not one word that is useless. 

Natural scIeiK^ indeed has liow arrived at that pdint, in 
which mdmdual dril ls requisite for die acquiMtiicm not didy 
cd a mret basis of classfficad^ of species, but also of nfore 
COT^t principles of g^id*id physiology. Indepexulently 
however of these cohsideradcais, the insect, which is the 
subject of the pre^it ^imnunication, is m> singular in " its 
i^ccxxv. E e-' ■' 






I&D© on Me 


^^ructure and habits, and is m paits of the worid so 
formidable to the agriculturist, as to render its history p^u- 
Marly interesting. 

It is described under various names ; as the earth-crab, 
fiom its geneml appearance ; vermis cucurbitarius, from the 
mischief it does to cucumber-beds. By the French naturalists 
it is mlled courtili^re. 

The best account of the mole-cricket with which I have 
met is in a well known etymological work by Rosel, pub- 
lished at Nuremberg in 1749 * This account is accompanied 
by the best engravings also of the external ch^acters of the 
animal in its dilFer^t states : and the value of these engra- 
vings is greatly enhanced by the accuracy with which they 
are coloured. 

Rosel says that about the month of June or July, rarely 
kter, the gravid female gryllotalpa excavates a cavity, from 
4 to 5 inches beneath the surface of the earth, in which she 
deposits her eggs in one heap, to the number of three hundred 
or more; and dies witMn a few wrecks afterwards. At the 
eml of about a month the young mole-crickets are produced ; 
and appear, on a hasty survey j. to bear a general resemblance 
to the ant. Between the time of their birth and tl^ com- 
mencement of winter, the young animals cast their skin three 
tones ; they lie dormant during the winter, deeper In the 
in pro|K>Ttion to to® mclem^cy of toe season ; and 
during this period cast their skin for toe fourth time. About 
May they leave toeir winter quarters, and at this time are 
fiimitoed with toe rudiments of their future wings, four in 
nuxnb®^ ; which dlSev remarkaMy in size and form and po- 
aidon from tlmse of toe perfect msec^ ; in which th^ inferior 



qf ifig M^^ekeL 

v^w^ 0xe fddai itt a vary ciirioiis mam^, wbBe m the to- 
they are always op^. : : ' 

Dftrmg the month of June or July they cast their skin far 
the fiMi and la^ time ; ^iter whidi the wiiigs i^xjuire a 
man^t chaiacter, and the insect hecomes <mpable of pro^ 
pagating its sj^cfes, 

Rosel says that he himself never dissect a ‘mcA^o^cket ; 
but repoits, on the authority of others, that its stoinach re- 
sembles that of the locust, represented in bis nintii pkte nf 
tfie Berms of that tribe of insects. I may here add, from my 
own observation, that it very closely resembles that of the 
gryllus viridissimus, and also that of a spedes of gryllns 
preserved in the Ashmolean Museum, which answer#to 
the pneumora of Lamahck : it also somewhat resembles 
that of a locust, marked 614 in the Hunterian collection ; 
and, still more, that of the Cape grasshopper, engraved m 
the 84th plate of the first part of Sir E. Home's Comparative 
Anatomy. 

It appears from Rosel's acojunt, that while very young, 
these insects are gregarious, but not afterwards ; that they ire 
usually found in the vicinity of meadows and of fields of com, 
particularly of barley ; to which they are very detrimental 
by feedmg on the rom:s, and thus intercepting the due nou- 
rishment of the plants themselves. I have no doubt <rf* the 
goieral accuracy of the foregoing remarks of Rosee, and have 
litfte to add to his account the natural lustory of this ii^ 
sect I have MAerto met with the mole-cricket in caie dtu- 
atiem cady ; namely, in some peat-bogs, at the distance of a 
few miles to the west of Oxford. In the neighbourhood of 
these peat-k^s the insect are familiarly known by the nante 



Klim ^ ^ 

wMA they 

icmke ; a sound not veiy unlike, but mare Arill 

Mlmn tbdl ^ the tog. This sound, mm. in the case bf a 
angle hrii^dnal^ may be heard at the distmc^ tf ^meyards ; 
felt ’v^^mmade 1^ numerous individuals at the saine 
it may be heard, as I have reason to believe, at the dist^i0e 
0 f mmt hundred yards, provided the air be in a favounbie 
st^e. I have usually found the in^ct within a foot and a 
falf of the sur&<^, aiid in parts where the peat was nather 
quite dry, nor very moist ; of such a amsistenee indeed as is 
most favourable to the mining cmerabons of the animat 
^ The accounts of different authors differ as to the food of the 
m^e^ricfcet. Having kept several individuals in glass vessels 
dmdng some weeks, I observed, that of all kinds of v^etable 
food they preferred the potatoe, while cucumber they hardly 
touched ; but M* raw meat were offered them they attacked it 
with great greediness, and in preference to every thing else. 
And, when they had been kept, though even but for a short 
tmie widiout any food, they did not hesitate to attack each 
other; in which case the victor soon devoured the flesh and 
jmfter parts of the vanquished. As I have not unfrequenfly 
found them in theirnative haunts maimed in various parts of 
the body, I have very little doubt that, although captivity may 
increase their ferocity, they are not^ even in a natural state, 
free from each other's attach, If they are carnivorous, they 
probably feed on woims, and various lary^, which are 
abundant in the peat-bc^s above-menticmed, for I have ne- 
peatedly found the horny and indigestible parts of inse^ 
within their stomachs. Similar relics I have found in the 
stomadi of the pneumora and gryllus viridissdmus. The 



^ Mol^rWjdte^ : bd<^gs^.^ il^rm §(^ ^fira^, 

tad m mitaUy mmmk^ a|f£f^timg 

My fdmd Dr* MACi^fNj^Y, off D^Wm^ Morn^ titei ]^ 
lias knowa a giyllas^evc^mr a pmtkm of its pwm body r rS# 
fepther band^ my friend Mr» Bt^KXAUio^ of this Uiiiyer#y^ 
gave me, at the psmrnef^^ent of the.,pne^t.sHiiaia^>;a 
liYiag grylldtalpa, whiqh bad been cc^fined during nine pr 
tm months in a tin case^ c^taining: a small cjuantity of gar^n 
mould, without the possibility of haying met with any c|her 
nourishment than such as that portion of mould might j>e 
supposed to contain. 

External characters of the petfcct gryUotaipa, 

In this, as in the case of every other animal with whose 
habits of life we are acquainted, we see a perfect accommo- 
dation in form and structure to the circumstances in which 
the individual is naturally placed. Destined like the common 
mole to live beneath the surface of the earth, and to exca- 
vate a passage for itself through the soil which it inhabits, 
the gryUotalpa is furnished like the mole, with limbs parti- 
cularly calculated for burrowing ; with a skin which effec- 
tually prevents the adhesion of the moist earth tlirpugh which 
it moves ; and with exactly that form and structure of body, 
by which it is enabled to penetrate the opposing medium 
with the greatest ease. At the same time, in order to prevent 
the necessity of its excavating a track so wide as to admit vi 
the body being turned round in case of a desire to retreat, it 
is endued with the power of moving as easily in a retrograde 
as in a progressive direction ; and, apparently to. perform the 



i0mx£ whidh wiorii Ihe kisec^^f 

la^ Ims two 

iW ttiip«»^|^dy t^daled daiiial antenna, erM^ily odcal^^ 
m Matikr parpose dmrng its re^igaie aioliotis ; pr^ 
teteiy they are ftmiished with v©ry la^eaer^e^.^ 1^ 
iaii^iNmoe with which the hi^ct is ihspsed to aaove hi 
fii^tion k mmfested by Ae foitowing 
if you toich it towards the head, it r^eats; towards die 
cd^r extreiHhy of the body, it ad¥ances. 

The gerio’al ixilour of animal is such as indirectly to 
f^rve as a protecdOT to h, being i^^ly of the ^me biieas 
the vegetable mould in whidi it lives; so diat it is not very 
readily distinguished upn being first tumed up to view ; and 
its safety seems to be still fardier insured by the appearance 
of dmth, which, in aimmon with many other insects, it 
assumes when suddenly disturbed. This stratagem^ for so 
it may he called, appears to be most deddediy practised by 
d^ animal while in captivity ; and if thrown at random out 
of die vessel in which it has been ccmfined, however unnatural 
the posture may be into which it has been drrown, it rmains 
as it were in a state of catalepsy during half a minute or 
more ; the first indication which it gives of recovery from 
tWs stupor, invariably consists m a motion of the extremity 
the antenna. 

The g^eral colour of the insect is a dusky brown, pssing 
eid^r into a radish brown, or Into an ochry yellow ; those 
prts being of the darkest cxiIcHir whkb are mo^ exposed to 
v^w when the animal is moving in tte opn air. Every part 
of tfe tedy is to a greater or less degree covered by a kind 
of cfejwn, whidh seems to be die efficient came dF its cap-. 



bfli^ of ; whkhoqpAiMtyas 

abte,ihtt whep the ki^ct is flimged 
as If c^sed in siker, or sense hr%hS: B^rl^k a>¥^aig^:?;^ 
ippeatan^ being evid^itly ticked from a: ^tettum ei d^ 
interpo^d betwem its body and the surroiaidipg iiqnki* Hiis 
down not only serves to repel iheaifeesKni of any iiibii^:siib# 
stance to its bcdy» but also facilitates tfee motion of the 
by less^ing the degree of which would otherwise 

take place ; and it is owii^ to the same circamstam^ tkm 
there is an unusual degree cd dfficulty in mining ^ sure 
hold of the insect, even w}^ dead ; but more especially when 
alive, and strugglmg against detention. Tim degree of force 
which it commonly exerts on such occasions is very remark- 
able ; and, from the sorsation produced^ may easily be sup- 
posed to be what Rosei says it is, equal to the counterpoise 
of two or three pounds. The skin or covering of the ins^ is 
in some parts nothing mmre than a thin membrane ; m otlmr 
parts it resembles soft lesdher ; and sometimes equals horn 
or even shell in its degree hardness. 

The mole-ciicket is more dislincfly divisible than most 
other insects into three separate parts, which I will cmll re^- 
spectiveiy the head, the thorax^ and the abdoman ; although 
I am aware that the antermr part of that which I tim 
abdomen is usually considered as a part of the thorax. Of 
the three parts above-mentioned^ the head is not above oiie- 
twelfdi the togth of the whole body ; the thorax thf^ 
tweMis; and afeimnen dght-twelfths. 

The head is unit^ m the thorax, as the thorax al^ is 
united to the abdcrnien^ by means of a loose membrane, wMch 
envelopes the musdi^ that pass r^l^tively fiOm one to the 




la ddto to 

a di^ance frcamj^tb r ^ 

Am ^^fasfly t<^A@r aa $q h$M Aeiat^rp^ 
frm i^iew4 ^adi fi*om Ae ai!chad fcm Ae 
of Ae Am^is k cm draw m jta head 
js^ miyA afef Ae of a tortoii^ Tfee ame Iteid- 

M%jrf tte ctMHiecdi^ mables th^ antoal to 

aitib^ itohead or its Aorax at a oonsiderabla angle wiA 
restrf Ae tody; a movement whi A is very charac- 
teristic of ‘Ak insect, and ^ves it aa air of mteiiigenqe ; the 
idAude toing apparently that of watAing, or listening. 

Iheheud.^ Ail Ae ttpper part and the sid^ of Ae head 
:a:hard,.thick, homy case, containing Ae various mas- 
:$fea,whiA move Ae Jaws ; ^d, in or#r to strengAen this 
iBai^#:twofiOT ;tors run transversely across the bottom bc^h 
laf Ae anteiior and posterica* margm ; which bars are Aem* 
jfdves united togeAer by a still stronger bar or beam, which 
runs longitudinally from Ae mydle of the one to the midAe 
of Ae oA^; Thm is noAing remarkable in the parts 
arhich loi^tttte Ae ; mouth, excepting the maxillary and 
J^telpalpi.; to;Ae;inaxiUaryipaJ^ Aere are five Joinls or 
fcbial ttore m*e ittoee ; and the last of 
fiants meacbof the ^Ipi tmmute^ m a rounded 
kto a pestle; Ais extimity^^, veWA is cf a toacy^yel^ 
^admir, k $tototh, iwhik every , ottor- the 

fal|n has a rough mid ; tory sia'f^. fc Aaeirj^tural p^i- 
timth^ palpi me tout mad proj^t^ foiled,, m as to re- 
itodore-^sofa hof^^ Ae actof mtoiiig. 





of 4 «^teate #ie finrntbei* df 

ft^is, #hlelf in diffei^rit is «sua% irm^ 

lOd to no ; i^i^y More <«r tes : tot it % noMcir% 

di^t in exafnMng thetwo ^ntewnse df' the I 

sonvettoiBS fmmd tiie nnmtor of toMs gimteft m one tim ^ 
the other ; and as the termina:! head differs m ttsr form Mm 
all the i^st, die result of die examination lesa 
dmiht than it weuld ottorwise have been^ Eaoh toad lb 
united to the one that precoies and the one that it hy 

means of a soft, tvhite, very toxible memtoiui^; in 
<|uence of which, and of the tiumtor c^ the joints, ^e lns^ 
crni move and bend the antetosB with^great famtity in every 
direction^ exceptkig at tto very toot I thei^ the tsotaoa is 
confined by a ridge that only admits of its being "direct 
from behind, fm^wardSj or me t^d. . 

The anterior edge of each bead is fringed with bristly 
hair ; which, surrminding the joint that connects it to die 
fbilowing bead, gives to the whole, when viewed by a 
rilfying l^s, the appearance erf a sprig of equbetom. Tto 
beads are upon thewhcjie largor, In proportion as Aey a^ 
nc^er to the cmgm of the an^n^ : but imd thare, ami 
without any regulatity in the variation, &m erf die beads is 
eidieriimich larger or much smallo: than those in die viciirfty. 

Whatever to the primary use erf the ai^imie and f^pl, 
cm vduch s^ect; ^tomoh^sts are not agi^ed^ ttoir g^ui^ai 
imi^itanto Is by all ; and rsevioi^ in the parti* 

eukr ih^ni^^ow tofore w by 

bestowed upon them by.d^ Those wto may to led 

MDCOCXXV. F f 



9m >-.:i 

wlU rt|i€at^y tl^ 

11 ^ 40wawiHr^ by & mriom <4 

{om^k^s Ae mouth : and thm by 4 w^ah^ Ju^ 

that by wWc^ the mm h apipKei m i&m lmm 
rf,4 iikfc, they are pa$$ed l^ween the marilhe : m oriler, 
aa It? wdid4 app^r> either to mdsten the or^ms^ or m discm^ 
from th^ir surface, particles of dust or otib^ extraneous 
^bstances which may have acddentaily adhered to It. Whh 
a more raf^ modon the insect from time to time dresses, if I 
maj^ u^ tl^ pal^; bending them inwards 

and brushing the surface of their extreme parts by a frequent 
apfdicadcm <:^ the maxilhe. A similar care of the antennse 
and palpi is observable in the gryllus viridissimus ; with the 
additional drcumstanc^, that that insect very oft^ passes 
betwe^ its maxillae the curiously padded surfaces of its 
much in the same mannm’as a cat licks its paws. 

Tke eyes* The gryllotalpa has two compound eyes, as 
they ; ^ * called, and two ocelli stemmata. iA-TREitLE 
uses this expression ‘ ‘ oc^lus medius subobiteratus ; " from 
wU<h it may be infeired that \m supposes the ocelli ^ be 
Aree in number ; but after the most careful examination! 
have not been able to discover more than two. The com* 
p^d eyes are situated imme<Satdy behind, but a litde exl^ 
rim*ly to the ^tennae ; the ojinem of these eyes, wtt<h are 
lai^e m propordtm to tlie size <rf the head, m’e i^gments of 
a s^^ie r flattened however on th^ iimer ^de so as to pre* 
jtet; a vertkai |dane smface to a slinflar pkim surface m tfe 
i^positeeye; and it is remarkable that tWs part rf* 
^li^^jjnere of it, sne die ^y l^rk 



^ JBredjr timsiaStti^ Bgbt : aQ 
ftim ts ^^sir^edi, >m the iaieriDr sfi«?fo6e,%y im 

w pgmmts of a maltei^ c^owr ; yet Ife 
ien ob^ifuctdl by this pigm^t m in llsi^ nearly as tmm^ 
M flint-glass : it is stpddefl direr m Hi^rlear sar- 
fjK;^ wifli numerous depressions a piraiiar fcras, 
being very d^sdy set tc^ther, ^e it a reticula^ ^pei^ 
mcB. ' - / 

The stomata ate placM betweai the n^dle ol'flm earn- 
pound eyes, so as to be rath^ fmther from each ofli^ thm 
from the eye of the same side. They are imt krge aa a 
very minute pin's head^ of a l^flcular form^ perfectly t^«- 
parent, but not quite colourless, resembling ^iticlbs of very 
pale caimgorum quartz. In two Instances I have found .<miy 
one of the stemmata, wifltout any trace of the otha". An 
anomaly somewhat of the same kind has beat olwr^d by 
the father of my friend Dr. Ogle, of this Univerrity, in 
case of a man ; one side of whose breast the usu^ nidi« 
ments of a mamma were entirely wanting. 

With respect to the small quantity of light admlsriUe 
through the comeie of the eyes of the moie^-crioket, it is ap- 
paently sufficfent for the purpc^ses of an aiimal livii^ 
ahnost ccmstantly underground. The spherical form of tiiat 
of the oimeae which is itself mcapabfe traismiltii^ 
light is prokibly inteiuiai, as was mgge^ed to me by Mt^ 
Wims^Et, to whom ! am kidebted for the pimdpal draw^ 
«hidi at^mpmm this papery as a protection: for the vertiert 
transparent portkm, 

libriidt^ The fom of ttts pm an irregiiir 



iit^^ltfci^s,-'i^hkfc/ai:^^?we^ 

the £x^^:ml'^^:^&m0m 
-iahd^-Mfi^^hiisiwWh 

mmt^ms^i0^^m^ pmp^rly s^iaMng, ik almost 
|3tei?tiy.^Ai& ve^ large akd fcrwerlhl “iimj^as- w^ 

It is divf&d iOTgitiMiiial^ ifite t^ 
jparts by an almost bony septum of a complicated fom t 

id^e w bears. M dbMoiis r€ssembto<^i fiut 
in A position, to tii^ de^ sterttirt, txjgeth^^withtbi 

lurcidM' JGla^iciexrf birds, ^ is: 4esth«E!d mdbed to a. similar 
usef ; to give f^tachment to ttie po^iful in^cles which 
mimsovellie4a^norc5(^^ it ihfersha^weverfromthe 
iskveJpoB^ng pah; in two oonsldtemble pdmts. it 

difers,t£iF^, m ^hsisting of two laminae m^ad trf me : these 
lati[iiii{S^ sre patifidl td^ but ^stinotiy i^parated from; each 
otiter,i sO^i^to give pasiage toitiie dsbph^us, ^id rodm 

^ mdscsies wMdi assist ht moving the adja-^ 
<^t parts. It diffism agtin irtim tbe ’^emim of lards by 
Iri^ifcig vety tehi‘ sfmo/ whioh iesembles?a:<x>mm tlibm, 
aftad^ td^^ Jinfeiior and posterior e%eriof. ttei ft^uiafr 
and pisshig obliquely dovmmt# and ted&» 

^'lPhls inht^ss issues feu' tile 

iaiUte which adl^ very irmly to aiM. aie inifehed^^ 
difo tkfe^ of the c^?the ubda^isti I 

i^itial^ W b^d its tftmrix ^ k^- mglh the alato®^ 

'i^pc^OWs^^wliii' 'te "ite^dy 
tari^c of this insect. - 

exframity arise the tvw^ dfar^i^^ ^hose singular instru- 



amotof^ ^ 

0@iipifi@i ini^ wiA tte ^o^er ike^^^aiiM 

^ 2 ^ 1 ^ the amimi/ th^y a^ ias ¥ tfte brnmnf haM kIM -le^ 
^ H xt^bUiSt dwarf i;!?bie ad: cat the bb^ dF a delimte MIrt ^ 
ittNi Ae Indit^licatg i¥ stmigth which their" btmcttire mMi^ 
fes^ fdly mmwear lo their exttaoiffilary m^e z But I ^11 
describe them more pai^idarly heiiedto-, and ^r^^d nio# 
to the deOT»ipti«m of the jd^iomen. 

The abdomeh^* In Its gen^l form and sttiB^iite tMs 
pmrt resembles the cdresiamdis^ f>£n^ hotnM : but it 

comists of more segm^ts, ami is mnch less br%ht in cokita^ 
There are twelve ^gments in the abdomen of the grylld- 
tal^a, of which the nearest tb the thoraic camesthenppet 
pair erf wings on its uppar part, and the middle ]^ir of tegs 
on its lower part j the next segramt carriers ttnder pfit* 
of wings on Its upper pait, and the hind pair of legs oti 
under part. These two segments wWch kre usually de-^ 
sK^^bed in entomological systems as belonging to thettfdrax, 
are of a horny consistence and very band on their u^br 
side; while all the re;^ ate meiely membrimmis ; they alb 
also covered, with much Itmg and rough hair/ While kH fte 
rest, exc^^iig the last but one, are spaiii^y oovei^ With 
short hairs. The last a^ment but cme is furmshal on Mdti 
sttle of its upp^r surface with a row of hairs or btisOes, 
WhM* are cuived foWaids m adirecti^^ towaids aich otiidr ; 
obylc^ly forthb ptii^se <rf preventmg the fold^ extreiii- 
btom hUmg off the imk mi 

^ ■/- r - 

dl the a^d^er 



Aasn Ae aowe^pi^ iei^y^f wiA ^ 

Aj^/ whkh ^rc3b laitoii ami^ filA 

hold white in Ae act of burrowing. In tte test te 

^ vent, fonn^ by Aree oval fla|^, two belW, and 
Apve, This ^gment i^nds out from each aide of its 
upper sUiface two caudal aniennaB, as I have venturi^ to ^11 
Aot, of a tapering fmm, whiA differ essentteily in struc- 
ture from those of the head; inasmuch as they are not jointed 
in any of their extent, excepting at their very com- 
mcpcanent : they are fumsh^ whh Aort hairs set compa- 
rativeiy closely about every part ; among which are inter- 
spersed long single hairs. These caudal antennae are evidently 
v^y sen^bte, and serve probably to give the animal notice 
of Ae approach of any [annoyance from bdtind; they are 
paitiahy hollow Aroughout great part of their extent, and 
muscles may be trac^ into Aera from Ae inner and adjoin- 
ing part of the abdomen. 

The legs. The anterior legs passing out from under the 
bind jKut of the thorax, advance by the side of the bead in a 
direction parallel to each other, which is their natural posi- 
tion white Ae animal is at rest. I should deem it a servile 
adimrence to system were I to describe Ae parts composing 
ttepe tegs by the terms strictly inAcative of the order of 
their succession ; for, Aus, that part whiA answers so emi- 
nently to tiie character cd* a hand, must be called Ae tibte. I 
shall beg leave Aerefore to state principalty Aat Ae fore- 
cf this insect omimts of thf^ mam pmts, with a la^bd 
apipndage fUtaehed to the last of Aem, The two fir^ M 
^rts some lesemMaiice to Ae ctewbf 

Ae crab ; being slmrt and Atelci^for the purpo^ of afferAng 
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m#¥i^ ^ tost 

wh^ ii5 th^ wm^ate in^mia^ misad 

in fejirmwing,- ^ . , ■-, ;vv*^ 

It might I think le assmed# wiA©«t the fim’ mimm 
dictimi, that throughout the whdb range dT animated 
tore, there is not a atronger instaiMB of what may ise eaUed 
intentioi>al sttucture, than is afforded by that part of ^ 
mcde-cricket which I am now to de^ribe.* 

The natural and ccmstant position of this member is worth 
noticing; the palm, as it may be called, facing outwards, 
and the daws ranging not in a horizontal but a vertical hue, 
so that none of them but the lowermost, and not evm th^ 
necessarily, touches the surface m which the animal is walk- 
ing, Accordingly the insect does nc^ make much use of its 
fore-legs in walking ; and, if irritated, it advances towards 
you with these legs elevated, in a menacing attitude as it 
were; not unlike the corresponding attitude of the inse<^, 
called the mantis. The form of the hand is that of a M- 
angle ; the base of which is formed by the four claws, while 
the apex is situated at the joint connecting this with the pre- 
ceding part; by which form and disposition, two im^rtant 
objects are gdned ; for the joint is thus capable of a milch 
greater extent of morion thmi it could have possessed, had 
the articularii^ surface been more than a mere point ; and 
at the same rime, the greater extent of the base cables it to 
act with more powerful and more rapki than ccmid 
have l^en otherwise producoi. The four daws^, whkh form 
this haae, constitute the prop^. huirowmg instiument;^ a^ 
thdr shape and b^urifully adafa^ to t}^ jmr- 
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i# Af test of ^ ^ hafd»^ im^ k 

polished swrfac^; doubtless in order to prevei|t asmiii# m 
p^ble tim adhesion of the earda through wjach tihe anhnal 
k to «aiAeits way ; they have each of dteu*|^ but sttp^g 
pohds> wliich proceeding frmn a hfoad base are thus 
dfu*^ more effectuaL In each also of the daws ou^ <rf tite 
edges is sharp, while the other is comparativdy blunt • aM 
dl the cutto^ edges, as also the terminating points, are 
directed do^wards. Their cmter surfaces are slightjy con- 
pave both in the longitudinal and tr^sver^ direction ; so 
that aU together they form a scoop as it were, by which the 
earth that has been scraped off by the points is moved out of 
ffne way* They are also each of them divkikd longitudinally 
on.tbdr concave side by three or four slight ridges ; so that, 
tfiQugh highly polished, their surface is not absolutely 
pfjooth : and thus being concave and uneven, they are mmre 
apt to rdain particles of the excavated earth; which, by 
filling up the indentations of the claws would necessarily 
unpede their due action. To diviato this mconvenience, an 
exceedingly curious instrum^t is attached to the uppc^ part 
of the concave surface of riiis member: this instrument 
sists of two claws, ck>sely resembling those already described, 
having by their side a small brush as it were, wMeh termi- 
nates in two spines. Th^ two clinvs, togethm* with the 
pkce bearing fee spines, arise fwm a sm^e ple<^, or han<&, 
whkh is aiticulaM m such a as to move In a pla^ 

pi^Hel to feat in which fee fimr daws are placed ; b^ m a 
cpporite to that* in whkh they ««*€ moved i titoy 
are also placed in such a mapiior tlmt their pomts and cutting 
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to thfe f^ittts and cuttlng^^ed^i ^ tlie^e 
Maws ; And feioo tM two parts, tiiuA opposed to nath^odi^, 
Ac^ Mka the Mades of a pair of shears, Whm I cbnM- 
dered this mechanism, and remembered that in the localities 
wl^re I had found the animal, the earth was frequmtly tra^ 
versed by fibrous vegetable roots, which must necessarily re- 
tard Its progress, I supposed that it used this iristrummt 
as a jmir of shears to cut through those fibres. It is Ros^el^s 
opinion, however, diat the instrument is intended to dear the 
true claws bP the dirt that may from time to time collect 
upon and clog them ; and unless both opinions be true, 
sel's appears the more probable. But I have not yet con- 
cluded the account of the curious mechanism of this member *. 
for the brush which has just been described, has only such 
an extent of motion as enables it to clear the two uppermost 
claws, or at most, the three uppermost; the two lower- 
most however may eflectually be cleared by a kind of fea- 
thered spur, which, arising from the further extremity of the 
joint answering to the femur, proceeds directly towards the 
k>west part of the burrowing instrument, and is easily made 
to sweep over the surface of the two last claws by bentog 
the intermediate joint, the only difference in its mode of 
action being, that it passes over their inner mstead of their 
outer surface. 

* The middle |mlr of legs, which are the smallest of the three 
pairs, arises from the under part of the first segment of the 
abdominal division : they pass out from the body at ri^t 
angles to the abdomen, and usually are seen in that difec^on 
whether the animal be In motion or at rest. They ccmsist 
each of four parts; a very short coxa, a femur and tibia 
MDCCCXXV, G g 
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^[oal in length tm each other, and a whieh 

df two long and an intermediate short Jdbt; the}a^ 
i^nt termin^d by two curved spines. Th^e are sevca^ 
^xsLtPf hard, stmight spines near the angle made by the 
union of the tibia with the tarsus ; some of which being 
dim^ted downwards, give the ins^t a firmer hold in walking. 

The hind legs bear a general resemblance to the middle 
J^s; but the coxa, femur, tibia, the femur es|^cially, 
are much larger and stronger ; the relative position of the 
imrts with respect to each other is the same as that of the 
middle legs ; but their general direction. Instead of being at 
ri^t angles to that of the abdomen, is parallel to it. In 
addition to several sharp spines placed about the jdnt of the 
tibia and tarsus, and directed downwards as m the middle 
legs^ tlwre are four or five others placed at the back of the 
tibia near its lower extremity, and pointing slightly down- 
wards. The structure of the tarsus scarcely differs from that 
oi the middle leg. These hind legs are evidently the great 
instruments of progressive or retrogressive motion. 

The wings. There are two pair of wings : the upper pair 
arising from each side oS the first segment of the abdomen 
imfially cover the lowar pair, which arise from each side 
of die {^cond segment. In several instances I found adher- 
mg to the body, in the vicinity of the roots of the wings, a 
minute pamsytic insect of a light scarlet colour ; the number 
dF these parasytic insects rarely exceeded eight or ten in the 
same mole-csricket, but in one instance I counted nearly 
foity.^ 

Tlie upper wmgs in the full-grown mole-cridket are not 
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above one-fointh the size df the other pair ; ttey of an 
oval form and convex externally ; and their nervtires or 
wmg^bones, as they are tailed by Dr. Leach, are remark- 
ably thick and hard. 

The under wings when expanded, measure full thi« 
inches from the outer extremity of one to the corresponding 
extremity of the other. They may be compared in form to 
a bivalve shell, contracted and elongated towards the hinge, 
at wMch point is the joint of the wing ; from hence, as many 
as thirty nervures, almost all of which are remarkably deli- 
cate, radiate in straight lines to every ^rt of the extremity* 
A very thin and nearly colourless and transparent membi^e 
forms the medium through which these nervures radiate ; 
and throughout the whole expanse of the wing, these nm*- 
vures are mutually united by more delicate nervures, which 
cross at nearly regular intervals, and at right ^gles fremi 
one to the other, presenting altogether the appearance of a 
curiously checquered surface. These wings, though so broad 
when expanded, are scarcely the twelfth of an mch in br^dth 
when folded; and appear at first view, in this state, any 
thing but what they really are. They have indeed been often 
mistaken for a mere caudiform appendage to the other wings, 
from under which they emerge. When fold^, and they 
fold themselves longitudinally like a fan, their very delicate 
texture is protected by the following simple <x>ntrivance* In 
each wing the two exterior longitudinal nervures, with thdr 
intervening membrane, are comparatively strrnig md thick ; 
and these form the lateral walls of the wings when folded. 

In each wing also there are two other nervures not far 
from the former, and drcumstenced like them with respect 
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^ steBgdi * whldiy#tei the wings are fold^, clc^e ta^ 
ther so as tn fca*!!! a horizontal covering, or roof, of snfficimt 
strength to protect the subjacent membrane from ordinary 
accidents* As the narrow case formed by the wings thus 
foMed extends beyond the extremity of the abdomen, and 
might easily slip off so convex and smooth a surface, such an 
accident is guarded against by the contrivance already de- 
scribed, namely, an apparatus of hairs or bristles placed on 
either side of the upper surface of the last segment but one. 

The digestive organs.^ It is mentioned in the 48th Letter 
of White's Natural History of Selborne, on the authority of 
Anatomists who have examined the intestines of the mole- 
cricket, that from the number of its stomachs or maws, 
there seems to be good reason to suppose that it ruminates, 
or chews the cud like many quadrupeds." A cursory view 
of these parts however is enough to show, that such an opi- 
nion could only have been deduced from some very general 
points of resemblance, and the probability of its truth is 
entirely destroyed upon an examination of their internal 
structure. 

In fact, the digestive organs of this insect resemble more, 
closely those of a granivorus bird than of any other animal, 
as will appear from the following description. The esophagus, 
which on its upper side is blended with, and forms a conti- 
nuation of the irnier surface of the upper lip, commences on 
the lower surface in a loose <x>rrugated tongue, as it were, 
wMch is attached at its base to the inner surface of the lower 
lip ; from hence it is continued along the under part of the 
head mid neck, and between the bony laminse of the sternum, 

Vide fig. 6. 
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in $otm of a <fistmsible 2«id longitudinaliy Md^ tube of 
a i^ddish brown colour ; it then passes on among the mu^des 
of the two bind pair of legs, and at length terminates in a 
very large crop of an oval form. In the vicinity of the 
mouth it is surrounded by muscles which arise from its outer 
coat, and are inserted at nearly right angles into the adja- 
cent parts ; these muscles of course serving to open and 
distend it. 

In the crop itself two sets of muscular fibres are very 
easily discernible, some running in the direction of its lergth, 
others surrounding it in the opposite direction; and it is 
lined by a very thin membrane having a cuticular character. 

The tube which passes from the crop towards the intes- 
tines commences so near the termination of the esophagus, 
that externally it appears to be a continuation of the latter ; 
it is very thick and strong in comparison with its diameter, 
and consists of a coat of muscular fibres disposed circularly, 
lined by a membrane which has evidently a glandular cha- 
racter. This tube terminates at a short distance from its 
commencement in a small organ, scarcely larger than a 
hemp-seed, which may very properly be called a gizzard ; 
though more complicated in its structure, and more effectual 
for the intended purpose than the gizzard of any bird. 

The form of die gizzard is nearly spherical, and it consists 
of a thick external muscular coat, which is lined by a glan- 
dular membr^ie of very singular constructipn ; the inner 
surface being divided longitudinally into six equal |mrts, 
separated fmm each other by two homy ridges of a dark 
brown colour ; each division is furnished widi three series of 
serrated teeth, of the consistence of tortoise-shell, and nearly 



X>n Kxnn^ oft the 


^ lie colcmr, ruiming from tie tx>p to the bottom ; of 
ii^hich those of the middle series are twice as broad and 
more compli^t^ in form than those of the lateral senes. 
As there are fifteen teeth in each of the three smes of the 
six divlsicms^ the gizzard ccmtains in the whole 370 teeth. ^ 
III aeimmting the muscular coat of the gizzard from that 
wbkh lines it, which may be easily done by mac^ation, the 
exterior surface of the glandular coat in which the teeth are 
ms^ited is exposed to view. The appearance of this surface 
is very sii^lar, and may be compared to a piece of fine 
lace-work, of which the meshes represent the intervals of the 
inserted teeth, the parts of the membrane in which the roots 
of the teeth are inserted resembling the lace-work itself. 

Four of the divisions above described are elongated so as 
to terminate in a tapering membranous appendage, consisting 
of a natural fold, which serves to convey onwards any fluid 
particles that may have been pressed out by the action of the 
gizzard ; and these four appaadages so collapse together as 
to form a point, as it were, which lies immediately in contact 
with the commencement of the common intestines. This 
apimratus is only discoverable by dissection ; for it is con- 
tained in a large membranous cavity of the shape of a hor^- 
shoe, the base of which passes across the lower extremity of 
the gizzard, while the sides form two enormous caeca, whidi 
ascend obliquely outwards on each side of the gizzard. 

As the muscular compression of the gizzard must neces- 
sarily have a tendency to force a part of any expressed 
flnM back into the esophagus, we may expect this organ to 
be so cxs^ucted as to prevent sudi an efiect ; mid it is pro* 

♦ Vide %. S, 7, 8. 
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bably for tfiis j^irfioise, tfiat its iij^r ^rt Is fomyted with 
sev^al projecting papifl®, each terminating in a OTial homy 
imitide ; which, Ike the sesamoid particles in die seitiilnnm* 
valves of the human aorta, may serve to complete the val- 
vular action of the papillae to which they are attached. 

Hie caeca which have been above described, are traversed 
longitudinally by several very broad duplicatures of their 
internal membrane ; and judging from their usual contents, 
these append^es of the intestine are destined to receive and 
to perfect the digestion of those particles of food from which 
the gizzard has pressed out the liquid contents ; and while, 
by means of the membranous folds already described, the 
expressed fluid is conveyed immediately into the mouth of 
the intestinal canal that passes from the general caecal cavity, 
the caeca themselves receive the solid compressed particles 
which are forced out laterally at the extremities of those two 
divisions of the gizzard, which, having no membranous fold 
attached to them, leaves thus a vacant interval for the pas^ 
sage of the undigested mass. That this opinion is correct 
may be presumed, not only from the very mechanism of the 
parts, but from the state of the contents of the caeca, wbidh 
are of a less crude cliaracter than the contents of the crop, 
and of a more crude character than the contents of the por- 
tion of intestine immediately beyond them. A strong con- 
firmation of the foregoing opinion is obtained from a compa- 
ri^n of this part of tile anatomy of the mole-cricket, with 
that of tile correspcttiding part In the ostrich ; the stomach of 
wMch bhd, a<^g like a gizzard by means of numerous j^b- 
bles which it likes into that organ, is aided by two enormous 
caeca, wMch, though they are not immediately in contact 



Hr. 


mm 

the far lemovad from k ; and like 

i^mach^ oatitaiii nmmerous pebbles, which are both smalter 
ahd smoolber tfem those of the ^omach itself^ as bemg only 
destined to act on food already partially digested. The «ma- 
which I have jnst insisted, is strengthened by the 
f^, tiiat there are very lai^ duplicatures of the internal 

of the oeca of the ostrich, as in the corresponding parts 
of the mole-cricket I either therefore misunderstand, or can- 
hot agree with M. Marcel de Serres, the author of a very 
interesting paper on the Intestinal Canal of Insects, published 
m the 76th vol. of the Journal de Physique ; who seems to 
attribute to the aeca above described, the office of an hepatic 
organ, and calls diem “ Vaisseanx hepatiques superieures/* in 
contradistinction to another organ situated lower down in 
the intestines, and acknowledged by all to be of an hepatic 
character. 

From the common base of the two caeca a very narrow 
but powerfully muscular tube, which might with much pro- 
pnety j^be cdled the jejunum, passes onwards for a very 
short space, and ternfcates in a large intestine; this intes- 
tine, which is eight or tunes the diameter of the jejunum, 
contracts ^ry gradually as it proceeds, till, near the extre- 
mity of the rectum it swells out very considerably. This 
large intestine is slightly convoluted in its course, and is 
usually more or less distended with a black pasty matter re- 
mwiblmg soft clay. Among tbe contents of the upper part 
of this large intestine were almost invariably found from ten 
to twenty worms, of a white colour, and of a shape resemb- 
ling luinbricus teres of the human intestines, but thicker 
in proportion to their length, and nairowing more sudd^ly 
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towaids their caudal extremity. In all of tb^e worms ilie 
common intestines were distinctly viable through the inte- 
guments ; and in many of them were distinctly visible also 
from ten to fifteen ova.* 

On opening and removing the contents of the upper por*- 
tion of the great intestine, four rows of minute bodies of a 
glandularcharacter,*f and of nearly ablack colour, are brought 
into view;^; two of which rows originate from the very 
commencement of the great intestine, and pass downwards 
through more than half its course : exteriorly to these two 
rows are two others, one on each side, which are parallel to 
the preceding, but originate at some distance from the com- 
mencement of the intestine. Immediately below the termina- 
tion of this glandular apparatus is a small opening, very 
readily distinguishable on the inner surface of the intestine ; 
which is the orifice of a cylindrical tube of a white colour, 
and of about the size of a horse hair. This tube, after hav- 
ing been traced a short distance in a direction towards the 
gizzard, is lost in a mass or brush of still smaller tubes of an 
exceedingly bright yellow colour; these tubes, which amount 
probably to 150 or 200, § are partially coiled round the con- 
tiguous viscera so as not to be very easily disentangled, A 

* Vide fig* 9. 

t The only doubt which I entertain as to the glandular character of these bodies, 
arises from a reliance on the authority of Cuviee, who says, that the glands of 
insect are in every instance nothing more than parcels of free tubes fioating in tlw 
interior of the body, and held together by the tracheae.** Joum. de Fhys, Tom. 49. 
p, 344 - t Vide fig. 9 o. 

I CuviEB States in the Journal de Physique, Tom. xlix, p. 346, that the num- 
ber of these tubes in rite gryllotalpa amounts to many himdrc^ : hut I fetl certmn 
that he greatly overrates the number. 

Mix^ccxxv. H h 



Bri 


is ia Sr EvekjA^ Hoist's Oom^-^ 

m^e An^Miy, i, jd* 84, m bdcwgaig ta tte C%e 
it was oiigin^y coiisidared fey Mr. HsJJli’ER# 
and is cm^dered generally at presoit, as answering to the 
Mw tte higher classes of ^mals. 

of these tubes springs out of a common carity in 
which ihe white tube frmn the intestine terminates ; hut at 
tlmr free extremity they are all impervious. Each tiibe 
appears ^rtially filled with a granular pulpy substance which 
is almost universally of a bright yellow colour ; though 
sometimes a particle is visible here md there of a clear light 
gieen colour, and I have seen similar green p^cles in the 
duct leading frmn the intestines.. 

The following peculiarity is observable in the individual 
stmcture of these tubes : their diameter for about one-third 
cjf their course from the closed extremity is very small, and 
they are colourless, and apparently empty ; after which they 
suddenly undergo a considerable enlargement, become yel- 
h>w, and are partially filled with the contents above de- 
scribe. 

Maceration in water destroys the yellow colour in the 
course d* a few minutes ; from whence it may be inferred, 
that after death the colouring matter transudes through the 
tubes containing it— ^ circumstance observable also with re- 
spect to the biliary vessels of the higher orders of animals ; 
but it seems certain that no such transudation takes place 
during the life of the animal ; for, upon examination of the 
Insect soon after death, I have never found the adjacent parts 
floured, as they would have teen by the escape of the con-, 
tents of the tubes. 
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The pcHtie® of the iat^ne below the orifioe of tte 
duet, as It may be called, api^ars to be coctefnaBy travelled 
in a longitudhial direction by several rows of snidl conv^ 
eminences lesembling beadsi these are the outer surfaces irf 
so many corresponding internal sinuses, which are probably" 
form^ as the similar sinuses in die large kitestiiies of man, 
and many c^er animals, by a pecukrity in tfe ^spositbn 
of the fibres of the muscular coat. 

Near the termination of the intestine are two orifices, erne 
on each side, communicating each with a duct which soon 
swells out into a vesicular bag ; these bags may probably be 
glands that secrete the fetid matter which the insect ejec^ 
from the anus when irritated. In one instance I found, <m 
the site of the orifices above-mentioned, two jsmaU bodies 
about the size of a pin's head, of a dark cxilour, and to the 
naked eye of a spherical form ; my surprize was consideiv 
able when upon observing them with a magnifying lens, f 
perceived that they exactly resembled a crystallized rosette 
of brown pearkspar. Upon being removed and submitted 
to the requisite experiments, they proved to be of considei^ 
able hardness, sparry in their structure, and insoluble either 
in boiling water or aicxihol ; but they were dissolved with 
rajud eflferverence in diluted muriatic acid. These calculous 
concretions were probably the result of diseased action in the 
vesicular glands round the orifices of the excretory ducts df 
which they had been deposited. 

The Umd, Upon wounding the animal in almost my part 
of the body, even in cutting off a portion of tlie caudal an- 
tenna, there ooz^ out a very clear thin fluid of a bright 
honey-yellow colour; having sensibly alkaHne properfl^. 
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md qoagulating 4 ther by heat or by die jaddition of alcohol. 
A quantity of this fluid, weighing 1.85 graiiis, being evapo- 
fsti^d under an exhausted recdver, in which was placed dry 
muriate of lime, left a solid residuum of a bright golden 
yellow colour, which weighed 0.35 grains ; this residuum 
was brittle, and had the general properties of solid albumen. 
The foregoing characters render it highly probably that the 
yellow fluid distributed through the body of the insect, re- 
sembles in its nature the serum of common blood, and there 
can be no doubt, arguing physiologically, that this yellow 
fluid is the blood or nutrient juice of the animaL I wish I 
could as satisfactorily show the means employed by nature 
to distribute this fluid through the system of this and other 
animals of the same class ; for, though I cannot hope to dis- 
cover what more experienced and skilful anatomists have 
sought in vain, a heart, namely, and a system of circulating 
vessels ; yet I cannot subscribe to their opinion, that the 
blood transudes through the the coats of the intestines, where 
of course it must be primarily formed, and thence passes, as 
lhri)ugh the pores of a sponge to every part of the body. 
Botli Cuvier and M, Marcel de Serres completed a very 
elaborate set of experiments for the purpose of ascertaining 
whether the dorsal vessel of insects sends out any lateral 
branches which might serve the purpose of a circulating 
system, or whether any other distinct circulating system 
exists ; but they have entirely failed in their endeavours ; and 
I feel assured, that where such men have failed, others will 
not succeed ; and yet their consequent supposition that tte 
btoc^ is diffuse through the general substance of the body, 
appears to me very highly imfHPobable. It accords not with 
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the g^naral diaraderof those means by which nature usually 
p-oduces its eflfects ; there is too little of art and contmance, 
if I may use such terms, on such an occasion, in the: mode 
supposed to be employed. Even in the fonnahon pf mineral 
ciystais, which 2u:e unorganized bodies, the attraction by 
which the component particle are aggregated is regulated 
by laws, the most systematically framed and observed : imd 
whoever has viewed with any attention that wonderful mo- 
nument of humsm industry and sagacity, the Anatomical 
Museum of John Hunter, and has there seen the proofs of 
a sanguineous circulation in animals of an order so low, that 
they can hardly be said to have any specific form or sub- 
stance, will almost necessarfiy be disposed to expect a simi- 
lar provision in a class of animals, whose general structure 
is so elaborately and beautifully organized as that of insects. 
But I shall again advert to this subject after having described 
the tracheal system or respiratory organs of the insect under 
consideration. 

The organs of respiration. As it is very generally known 
that the atmospherical air, so necessary for the existence of 
all animated beings, is admitted into the bodies of insects by 
certain apertures called stigmata, and is then distributed 
through the system by means of tracheae or air tubes, I 
shall not dwell longer on the description of those organs in 
the gryllotalpa than is necessary for the elucidation of its 
particular history. 

Omitting the qi^tionable existence of two stigmata in the 
upper lip, and of two others in the yidnity of the caudal 
antennae, there are ten stigmata very distinctly visible on 
each side of the body.* Hence, therefore, it is necessary to 

♦ Vide fig. lo. 
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^ri^, probably it has ere b&m by 

st^^aent aaade by Cuviiai ia his Ripie 
ili p, ts&6/thal ia the myriapoda tihere am twafily stig-?* 
tmu, attd aj^ards ; bat in all Other insects eightmi at 
Ife liso asserts In the same place^ that insects mspire by two 
|«ii*cipal tracheae ext^ding longitadinaliy, one m each side 
the bodyj from whach other trachese ramify. How cor- 
tainiy in the gryllotalpa, and, as I have reason to^beHeve in 
many oth^ insects also, the Icmgitiniinal tracheae bear so 
small a proportion in their capacity to the aggregate capacity 
of the other tracheae, that in such instances they cannot be 
called principal tracheae. My own opinion is, that the^ 
longitudinal tracheae serve as connecting channels, by whidi 
rile insect is enabled to direct the air to particular parts, for 
occasional purposes. 

Though not immediately bearing on the present point, I 
beg leave here to state a fact which I have not seen else-* 
where notice, that in the two segments of the body whidi 
carty the middle and hind pair of the true legs, in the larv« of 
coleopterous and lepidopterous insects, there are no stigmata, 
discemible at least either to the naked eye, or a a^mmm 
magnifying lens. 

Bat, to return to the stigmata of the gryllotalpa, the first 
in order b^inning from the head, is situated veiy near die 
lower part of the posterior ridge dt the tl^ax. This st%nm, 
not to objojt to the term in the present mstmoe^ is apparemiy 
cqnne<^ed with all the tracheae bo^ die thomx amd of the 
Imd itsdf. It diifes remarkably In mze and fi^m from all 
the tern: ; Inmead of being u mem dot or point, It Is an 
el<m^©d fissure, bounded by two homy lips, The second 
stigma, which somewhat resoirifies in form, though of much 
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less €:s^^t4i^aii t|ie prec^mg, is situated lidUnd 

Ae ie^tirf Ae Middle l€^ ; tte tMrd^ ^^cAis 
Ae sei^nd, is situated iMsiedteiy behind the mot 
pc^teriof leg ^ near Ae teitninadi^ ef Ae dorml |^t ^ Ae 
third abdomln^^^ segment ; the fourth^ and enwards m 

Ae tanA indusiTe, are situate near^t^ t^minatioiis &f tSm 
(Wresponding dorsal ^ments nf the abA>men. 

I wouM herenotk^ by the way, a peculiar appearani^ very 
ccmstantly observable on the ventml surfaces cf most of the 
abdominal segments between the hind pair cfjegs andtbe 
caudal antennae. At eiAer extremity of those se^nents Aere 
is a short line, not unlike that made by the ;^oke of a poi, 
passing obliquely downwards and inwards : it does not se^n 
easy to conjecture the use of these hnes, 

I may state from repeated observations, Aat Ae sdgm^a, 
taken generally, are not Ae terminations <rf smgle uAes ; 
very frequently two and often more than two traAeae origi- 
nate from Ae same stigma ; and very soon after the com* 
mencent, one or even two of ft^se traAeae subdivide into 
numerous branches, which follow as nwly as may be Ae 
direction of Ae original tubes. 

The Astribution of many <f the tracheae may be satis- 

factorily demonstrated by drying one of Ae insects undc^ an 
exhausted receiver, containing muriate of lime : for after hav- 
ing been thus drfed, Ae traAeae become perceptible to 
naked eye Arough the sustmice of tte integuments. The 
gomg m^hod drying anatomical prepmticms may be suc- 
cessfully ^ployed on many occasicms ; it answers particularly 
in the c^e of Ae humsm eye, cn: the eye of any sufficiently 
large animal ; for, hi Ae act of eAausAm, Ae Ar contriitied 
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m tlie vitreous humor of tiie eye becoming ex|sanied, pre- 
serves the ispharical form of the organ until the ’whole of 
mmsture has been evaporated ; and it is then suffidoitly firm 
to suppmt itself. ' I have traced most of the tracheae to the 
parts on whkh they are respectively distributed ; but a;s no 
adequate object, nor indeed any object of importame, would 
be gained by the descriptioa of a distribution which is not 
marked by any physiological peculiarity, I shall only insist 
on such "^points as appear to me to be either new, or hitherto 
not sufiiciently elucidated. 

The tracheas of insects are generally described as tubes 
constructed of a spiral thread, tie successive coils of which 
are closely in opposition with each other ; such a structure 
is represented in Swammerbam's plates, and I have no doubt 
from his acknowledged accuracy, that he repre^nts what he 
observed. It has not however happened to me, with the 
exception of one equivocal instance, to perceive such a struc- 
ture in the mole-cricket, the character of the tracheas of which 
varies in different parts of the insect ; for sometimes they re- 
smnble the pulmonary tracheas of the higher classes of ani- 
mals, in having an annulated structure ; and sometimes they 
appear as tubes of a perfectly uniform substance like cuticle, 
or some very thin and unorganized membrane. It is gene- 
rally understood, that the tracheae of insects penetrate each 
organ and every part of the body : and oartainly the case 
is 3such in the instance before us. Thus, in that brush of 
capillary yellow tubes supposed to constitute the hepatic 
^stem, the total number [of which amounts to 150 or 200, 
there is reason to believe that each tube is aojompanied by 
a distinct trachea coiled round it in a long spiral. Ag^; tte 
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two coi^s #fiteh conft the ^ngiid^ 

the hei^diis system, ;^e in their natiir^ state tihited t^etor 
hy means of the b^aineiies a ttacheal tut^ #hietircihs be- 
tween them ; a similar tube bein^ attached to the exl^^ 
edge of the cords ; and the surface of #hat may be cidiad 
the brain of this insect, is as beautifully ch^cterkai by the 
ramifications of tbe tracheas which pervade it, as the surfa<^ 
of the pia mater of the hum^ brain by the blodd vessels 
which penetrate that membrane in every dir^on. 

In meditating on the difficult problem of the sangiunous 
circulation of inseois, it has forcibly occurred to me, that the 
tracheae may possibly be the instruments of such a cinniia- 
tion ; absorbing the blood or the chyle in the first instance 
from the internal surface of the alimentary canal, and thence 
conveying it to the various parts of body ; nor is this 
opinion, however improbable it may appear, entirely gra- 
tuitous. No difficulty, I apprehend, attaches to the supp<M- 
tion that such an an absorption may take place ; sedng that 
innumerable minute ramificafions of the tracheae penetrate 
the intestinal canal in every part ; nor does there seem any 
difficulty in admitting that the insect may, by the power of 
exhausting the air from individual tracheae, draw on the 
absK3rbed fluid towards those two lateral tracheal tubes, which 
are apparently a general medium of comiftimication between 
all the tMdl^aB of the bc^ly. And, when once the blockl 
has reached this supposed point of its course, it is man^e^, 
that by whatever means die air itself is forwiarded ftom the 
san^ point to die most dist^ parts of the body, by a modi- 
fication of ibe siuiie means^ die blood may be forwarded 
to the sme part ; the elo^t propashk^n of Cuvier, 

MDCCCXXV. I i 
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siljv^idr feaix;h of k/' wSl ^1 

jilf Jt sHolild b$ aigu^d that the ^ nm jlmnd 

eteg€^ blood after ^ death of the anipiah il imy bo 
^^ered, neithar are the arteries in the higjter oi^i 
of fonnd chai^d With blood aft^ Aeir death. How- 

1 have actually seen i§€We of the raniifiQatk«is of tho^ 
^ache^ wbioh are conno<^ed with the cseea dis^nded with a 
fluid of the same Colour as that found in those organs ; and 
thcaigh I have only witnessed this fact in two instances ; yet 
sudi a facti even singly taken, must he a%wed to be of cc«i- 
skJiorable importance. 

Of one thing i am certain, that, after careful observation, 
I have tiever found the abdcmiinal viseeiu, I will hot say 
bathed, as some authors of credit have expressed themselves, 
in Ae tiutri^t fluid which ts suppc^ed to have transude 
through the coats of the intestines ; but I have not ev^ 
fomid them lubdcated by a greater proportion of moisture 
dial? lubricates the intestines the higher classes of ani- 
mals. 

There is another diffioilty which occurs m the hypothesis 
of the transudati<m of the <hyle'tbrough the coats of the in- 
tesdnes ; for, if the blood be c<mveyed to the several parts 
by previous general diffusion through the interijcHr of the 
body^ and thm by absoihon into the sub^:^e of particukr 
orgam^ as the hepatic tubes, the vericute s^lnaies ^d the 
©varies ; how does it happen that the Me, for mstance, do^ 
not transude through Aecc^ts^ the i^me vessels, ite pores 
cd' which have admhted the blood from: which it has b^i 
foitned ? It may be answerM^ thia: the alte^ti<m which the 
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si^^ra!OTglaBs,cMng^lM^^t^i€es€e> 
s^cli M ^^nf, as to rcSider it incipaMe cC re|mssatig 

por^ wMdh aiim^d it ! <^not of ooarse prosa^^ lo 
sky that such ^ not the <toe ; and I am a#aie rfiat ni^y 
entomologists ^11 he surprised at, and f^haps ^sinclmed itb 
listen to ihe opmion here advanced with respect %o a 
neous circulation in ; Wt I nevertMess h^ie tlmt the 

opinion will not he rejected wi^out some previous att^^on 
to it. WMi regard to the dorsal ves;^l of the grylloMpa, 
which in this, as in other insects, has been supposed to star^ 
in the place of an snterial heart, I have very few observaricais 
to offer. It does not agree in its form with die descrip&m 
commonly given of this mysterious organ ; for thdh^ it 
diminishes in diameter as it appraadies the head, this is hy 
no means the case towards the other extremity of it. I have 
not yet completely succeeded in tracing this vessel to its 
anterior extremity ; because as it approaches its teimination 
in that direction, it becomes so delicate as to have hitherto 
broken under dissection before I airived at the extremity of 
it. Towards the opposite extremity it gradually bea>mes 
larger from the centre of the body, and terminates appa* 
rently in a cul de sac about the last segment but of 
the abdomen. 

Thi muscles . In the gryllotalpa, as in in^ts in general, 
die muscles are'' exceedmgly numerous, and usuaHy veiy 
diMhctly defined ; but as their form and size m ^ferent 
parts oC the body may, without difficulty , be bcnjectoed from 
die form and size of the parts to which diey ate appmpriate, 
I need not bcctgiy the ifine of the Society by eMm^ating 
particularly describing them. .Those which move the fore 
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their me, and appapndy fiU n^rly 
t^r^whole ef the ktterior of the thorax. Soine muscles, m 
Is the <m$e with ; two belonging to eadi mandible, with 
smn^ of A^e that are situated within the thigh of the hind 
leg^ bave tendons attadied to them of considerable extent 
and strength. I must not omit to mention several paralM 
muscular bands, which run in a longitudinal direction along 
the outer €X)atof the extremity of the great intestine, and aie 
inserted into what may be called the sphincter of the rectum: 
these muscular bands may evidently assist, by their previ- 
ous contraction and subsequent relaxation in discharging 
that foetid matter, which as has been already said, the animal 
usually emits when irritated. For the discxjvery of these 
muscles I am indebted to Mr. Whesseix, whose name I have 
b^re mentioned on a similar occasion. 

The nerves-* In removing the integuments tihroughout the 
wjmle length of the lower surface of the body, we discover 
a series of nine ganglions, of a pale cream colour, distributed 
at unequal Intervals from the commencement of the esophagus 
to the termmation of the rectum; a double medullary cord 
being continued from one ganglicm to anc^ber throughout the 
whole series. The ganglions and their connecting cords lie 
so nearly in contact with the common integuments, that 
great care is requisite, lest, in removing ^se integuments, 
the nerv^ themselves should be removed, or at least injured. 
The first of these ganglions, reckcaung from the anal extre- 
nuty the abdomen, is globular in its fc^m ; and is situated 
b^ween the intestine and the sexual organs, the latter being 
pl^d immediately under the ventral integuments. This 
• Vide II and li. 
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gangliOT gives cff sev^^ |>airs of nerves, of idMi liy fer 
the largest mj be traced into the eandal antemie. ITie 
second, third, and fourth ganglions are smaller thm die 
fim, and are of an oval rather dian a globule form : they 
each smd out fiom two to four or five pairs of nerves. The 
fifth and sixth ganglions of which the former is die smallest, 
the latter the largest gsmglimi, of the wMe serfes, are 
ated so closely togedier, tl^ it not always easy to demcm- 
strate the connecting medullary cords. The sixth ganglion, 
which from its ske and the number of nerves radiating from 
it might be called the ^lar ganglion, is situated betwem 
the roots of the posterior legs. The seventh and eighth gan- 
glions are situated respectively between tl^ roots of the 
middle and the fore legs. 

From the eighth ^nglion, which lies under the furcuiar 
bone of the sternum, two parallel medullary cords pass on to 
the root of the mandibles, wl^re they unite with the ninth 
and last ganglion, which is situated under and in ccmtact 
with the commencement of the esophagus. This ganglion, 
which is hollow, as perhaps all the others may be, s®uds off 
nerves to the maxilla and adjacent parts : and it s^ds off 
besides, two large md important brandies which ascending 
on each side of the ^ophagus unite with two coirespcmding 
branches that descend from the brain ; which organ is situ- 
immaiia^ly in contact with the ocmimenc^ent of tl^ 
esoph^us <m its u^per surface : so that the esophagus is 
pkc^ between die ninth ganglion on its lower surface, and 
the brain on its upper surface, their mmiec^ig brandies 
<xuiipleting the n^arvous collar which surrcmnds it at this 
part. 
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The ^fe^Eif&>its,*feeiig 

l^e hmwiisrb inst^ of m mmm od^rv^i it 

fi^ e:si«^s:t3te itrgest (rf the jpn^bs^s, it-ceistes 
h^sphei^$, separated by a i^are, fi^<D®i ea^of whMi p$Ms 
osfe foor procbss^^ ihe ^imt irf these prc^ses^^ les 

abo«^e di^tcribed, wA a from the tiloth 'gatigMn, ^ 
fmm Ae nitrous ct^iar of the esophagus ; Ae ^eoond losses 
to the toot of theattterma; the tMrd, i^eh iifay be oall^ the 
optic nerve, passes towards the mtifer surface x3f the eomea; 
and at ita extremity swells out teo a fringed coronet of an 
orange red colour ; the foutth process, the extremity of which 
is aho of an crah^ red C(dour, pit>ce6ds to the ocellus or 
stemma of Ae corresponfeg side. 

The upper surface <rf the brain Is coveted by a mass of 
soft subistance' ^nnewhat re^mbling %ose fet. 

Ute ^€xml wgms cff the fmmk.^ 'These organs consist of 
two ovarii, which occupy a considerable portion of the 
upper part M Ae abdoihen, imd terminate by a narrow duct 
in a common cavity or uterus, which optns externally under 
the posterior edge of Ae last s^ment but one of the ventral 
iurfhCe of the abdomen. Behind the uterus is an oblong 
Whh:e body, which ^iginating Trc®a a tuf ^ sac, ’and then 
^i^Mng On Itself in the form of ta islender Abe, tmnlnates 
in the ^iftetus. The ammrn of -Ais b<My *Asemble a>tWn 
white’paste* The ovaries ii^^uterly piai^AapM, and 
conMM of a Aanspaient membt^e "irt^idln'iy cOfiVOl^^ 
feroUgh^ Which the Ova, env^o^ In AOdium, 

Urt easily disAigushed. In thomme^bvary Ae ova afO fte- 
gently of different sites and «iours ; those #iich Ae 
• Vide fig. 13. 
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mA iirM&h I mp^m. to bt ^ 

liii^nfcfe yeEo^ mlaiir ; t^iey a csKi^i^r^y^ 

<rf Ibme bdb^ they h^st, and tte «3€Hitei|Ea i^hTO 
out melt as it into a sdPt jelly, l^^icig a tough m«fe- 
ferane whkh env^^ad them. The smallte o^a are varioiis 

sizes ani of n^ly a white e€donr,and erf a mw^ more 
slender mA mmpmsod £omx than thc^ which I Imve mip- 
posed to be impregnated. This diflference In die degree of 
matuiation corresponds with a fact stated by IBsel, that the 
molencrii^et does not deposit all the eggs the seasmi at 
one time. In a few Instances I found two m* three ova whidi 
liad e»t€a*ed the narrowest part erf the 4Qet ajid were veiy 
near the uteims; and from Ae appearam^e of these, which 
may fairly be suppose to be, If not hnpr^nat^^ at least 
in a state fit for impm^ation, I have vdnmred to derive the 
character of the impregnated oVum. 

ne sexuai organs oj like mak* I had dissected several male 
gryUotdpaa b^ore I was rfortunate enough to meet with the 
sexual organs felly develoj^; and while ! h^ as yet met 
with only one ^imai bearing tl^ character of fuM ^velope- 
ment, I was not certain whedi^ I judged lighdy of the 
natural/state of dmse parts; or whether their unarnnuon 
degr^ erf .^larg^nent were not the eff^ dF disease —the 
disproportion in size between the state in whidi they had 
hitherto oceurr^,.and thattowhkjh I now allude is so enor- 
mous. However sul^qpuent dis^cdons presenting die same 
phencraeim, I havefei semple in cpnddeiing dion as indi- 
cadng fuEdevdopem^t. 

The tei^des erf fee male are dtua^^ amilarly to the 
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the female, and are mt very unlike m 
Bf^^armcrn te tl^ ovaries of young female; tJiey differ 
however to feeing divided pretty deeply into several ui^uid 
iob^, thefee extr^Hiiries of which look towards eadh other. 
They smd out eadb a very fine capillary tube or dutt ; which, 
descending towards the rectum, is In one j^rt of its passage 
convoluted on itself so as to resanble the human epididymis 
parrially unravelled. 

The oxaetory duct above described terminates at the 
bottom a thick pouch, which is i^tuated between the rec« 
turn and the ventral integuments, and in form is not very 
unlike, though larger than the uterus, opening eactemally, as 
the uterus does, under the posterior margin of the last but 
one of the ventral segments of the abdomen. 

The interior mechanism of this pouch is extremely curi- 
ous; fm* to the'’ upper part there is contamed an apparatus 
somewhat in the shape of a coronet, of the colour and hard- 
ness of tortoise-shell : and at right angles to the centre of 
this thm^ is fitted a similarly hard and homy substance, (in 
shape resmbling a short fiat club,) which descends towards 
the external opening of the pouch. 

Behind the pouch are situated one m each side, two oblong 
white bodies, which are twisted into three spiral coils, and 
then tenntoate by an inflected tube at the upper and back 
part of the pouch. These bodies eviteitly answer to the 
vasicuhe ssminales insects to general: aad resemble to 
their external cluiracter, and to them white pul|^ contents, 
that oval body which is placed at the back of the uterus. 
There is also another pair of vesicuise i^mtoales, as is fre- 
quently the case to insects, situated exteriorly to the former; 
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^eiidbr in form^ also and much more cimvoldted, wWdi 
apparattly tmninate near the points where the ducts of the 
testicle t^imkiate. In the Instances of full developemcaat 
these bodies sace mlarged to six times their usual size. 
Under the circ^imstances of full developement there is also 
found, though scarcely perceptible und^ imperfect deve- 
lopement, a large s|dierieal mass, resembling a ball of eider 
down, situated immediately at the anterior edge of the pouch 
above described, and continued cm from its substaime^ 

The examination of the mole-cricket added, as appears 

from the description of the parts, another exception in the 
case of the female as well as the male to the general state- 
ment, that in insects the sexual organs pass out by the anus; 
Cuvier mentions, as the only exceptions to this kw, the 
lull and libellulse.^ 

Casting of the skin. The following are the only dbserva- 
tions I have had an oppcutunity of making as to this point of 
the history of the mole-cricket. In the process of moultmg, 
the skin of the abdomen appears to split longitudinally down 
the middle of the upper part ; and the skin of the thorax 
separates in a similar direction; but the skin of the head 
only separates partially in that direction, and then splits be- 
between the stemmata, in a direction towards each of the 
antennse ; so that tl^ line ctf separation somewhat resembles 
the lambddfdal suture of the human skull. 

The corneas of the eyes are cast with the rest of the skin, 
as In the case of the snake ; but they lose their transparency, 
and become of a greyish white colour. 

Even the covemig of the claws is cast* 

♦ Mpis Ajiimafe, Tm, Si. p. 157. 
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«i»faoe of ijie whdk h^yim 

with tb^iSSme jkii^ of dawn as that ldio^r% 

; except in ^ c^ of the long W^y haka 
ti^ caud4 antennae, which appai^ently ^e prochp^ after- 
wards. The colour of the body imn^dlat^y after the list- 
ing of the slan is yeMowish whfte, and it ranmns of jhat 
coicair for a few k>ui^ : it afterwards gradually darkens. 
The 0gm of ^ound. I have very Ettle doubt that the peou^ 
liar soittwi whldi is charct^lstic of this insect is produced by 
the wings.; for I have ohsei^ed in i^veral Mividuals ki their 
perfect state^ that, whm irritated, they wiB separate their 
upper wings by a brisk ihootion laterally from each other ; 
and that upcm their being suddenly lu'ought back to their 
natural position, a sound is at the same moment produced, 
resembling that which I have heard the insect spontaneously 
produce during the season of summer ; but I <x>uld not fix 
the power of producing this soimd to either sex exclusively, 
Ihere is a peculiar organ, forming a part of the common 
integuments of the abdomen, and situated between the fourth 
and fifth stigma on each side ; the anterior portion of which 
cmmsts of a tense membrane, like fine pardiment, of a semi- 
lunar form ; this organ from its individual character might 
snp^jsed to contribute towards the prc^uctbn of the 
^nd, but it is found in the female aa well as in mafe ; 
and its supposed use is not Jui^fied by the pies^^ df any 
internal mech^ism. 

In two or three instances 1 have peiceived die Intesmal and 
upper surface of the second abdominal ^;mmu msweimg 
to what is generally odled the third thoracic fur- 

nished with two oblong concave laminae^ terminating in free 
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joimded edges, which axe probably elastic ; but I feel 1 ^ no 
means calain that ^ese are exclusively clmracferistic of the 
male, though I certainly found them most distinctly deve- 
loped in a ntale in^vidual. 

But my acqumntance with the interesting insect, the history 
of which has formed the subject of this pap^, did not cam- 
mence till towards the close of that period of the summer 
during which the saihnal is heard to produce its peculiar 
sound ; and I |ff(^se therefore to resume the invMtigation 
of this point at a future opportunity. 

Oxford, J^QV. ij, 

Dimensions of a full grown mole^cricket. 


Length of the body from the extremity of the lip to 
the extremity of the vent - - m 

Length of the head - - . 

. tlioracic division - . - 

abdominal division - - - 1.3s 

Breadth of the thorax ----- 0,5 

— abdomen - - - - 0.5 

Length of the antennae of the head - - oMs 

" ■ ' caudal antennae - - 0,666 

Length of the whole alimentary (^nal - - 

esophagus - - - *0,5 

Length from the crop to the great intestine - 0.3 

Length of the great intestine ^ ^ « 1.0 
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EXPLANA 5 «)N OF PUTE XV. 

Fig. 1. c€ from the imder side. 

Fig. 3. l 9 cdk(^ eir^^Srorax; 

Fig. 4. Sternum, &c. with the upper part of the thorax 
adherii^. 

Fig. 5. Exterior surface of the left fore leg. 

Fig, 5°. Parasitic insect infesting the roots of the wings ; 
of its natural size, and also enlaiged. 

Fig. 6. Esophagus* ccrop, gizzard, caeca, great intestines, 
hepatic organ, and anal glands. 

Fig. 7. Interior view of gizzard. 

Fig. 8 . Ditto of a portion of ditto. 

Fig. 9 . Intestinal worm of the mole-cricket ; natural size, 
and enlarged. 

Fig. 9 *- Upper part of great intestine, with four rows of 
glands, aid the orifice of the hepatic duct. 

Fig. 10. TIm! stigmata of the left side ; with the organ 
(situated between the fourth juid fifth stigmata) described 
in page sa# ’ 

Fig. 11. The nine ganglions. 

Fig. IS. The brain, surrounding the esophagus. 

Fig. 13. T^jl|ia0^ sexual organs. 

Fig. 14. The n^e ditto. 
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XI. FWtJwr m Pkamtd. % J. E, Johhsoh, 

M.D.RR,S. 

Read Mai^ lo, iS^;5, 

Asoi^t thfee y^a^& mme I pres^ted to tba of the 
Royal Society a few ohservatioiis an Ae gmm pirnmna. 
From Aat period to Ae present havmg had opportunity 
of extendir^ my researches to more than two or Aree^pccks 
in addition to those formeiiy describe, I was to 

trespass upon the time of Ae Sodety by any furAer remarks, 
until I hitd ascertained the lemainlng specie of this genus. 

A drcumstance, however^ attmding some experimmts in 
which I have been lately m^^ed, of raAer a j^range dia* 
racter, forming anoAer Interesting feature In Ae Mstoy of 
Aese very extraordinary animals, induces me to lay before 
the Society Ae present commimication. 

The circumstance to wMch I allude, is that €i th& P, mrmsta 
obtaining a second oradAtiona! head by an artificial inddon, 
thus constituting a 

At Ae period of my trmsmiAng my fonner paper to the 
Society, I was not aware that any EngBsh authcar had writ^n 
upon Ae same subject ; but was sdterwards muA surprised 
an learning that a Gentleman of Edinburgh, Mr. DAtvm, 
had publishdi an atomnt ai Aese animds m ^ 

havii^ £(^^7^ on 

xmmdid In Aiim^ Rhy siolcgy , exhibited by spedes 

of Faitfeg to procure tMs yroik at Ae booksellers, 
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I was at kn^ fortuaate in obtaining it thipiigh the 
Jity of kB Mwy mgenious author, who obligingly pi^sented 
me with hisSnly itmah^g ^y. 

Hus Ctotieman, after considerable reproduc- 

tive powers of the planarim in general, but more particularly 
conspicuous in diat s|^es hetemiS the P.felina, and which 
from his description I conjecture to be the P. comuta, ob- 
j^rves, ^at having occasicmally se^ some of these creatures 
^vkte from their natuial figure in having two tails, &c, (m 
^mt howeva:' of so mre an oajmr^ce, tfiat I have in no 
instance met with such in the many thousands imbtmtted to 
nty inspection) It occurred to him th^t monstrosities of tWs 
hind might he obtained by ^ficial means, founding the 
practicabiiy of this measure on what had passed tmder his 
reviews. One of tfee monstrosities he thus describes, the 
planark in relation to dth^s was of small size, its tail was 
bifid, md out cfefi: gi^w a body, separated and distinct 
from the main tmnk of the animal, whidh by some strange 
and anomalous proceeding had b^n surmounted by a head, 
livdy and weH defined, in jail^tlng this pl^iaria to the 
mtecB^pe, numerous black specks> the supposed eyes, ap- 
peared surrounding the larger head, and they environed the 
inaigin of Ae smaller head aim In the cduiis^ of a week or 
littite more the posterior head had separated by ^pontaneoa® 
divisiouv arid had disappeared. But soon afterwards a kind 
of projeaicm riairipied its pljrce ; and it was not witihout amaze- 
ment that I JWield projecfiori vegetate into a rietv hc^d, 
resimhfeg the om wWch had hem lost. About a nrimth 
having elapcd, it Was well shaped ^fd arifre. My bdBif 
beiiig thus ^c^oborated in tik iprcAabie^feet ofcxperimerit. 



it W2^ m^anable tQ if s^par ^Its ter 

came ijc>mf4e|^ ^mala, if a mutilated trimi: r^aiimd tte 
defecdve pqttfen ; and if a teadv the most impeetoia: ^ all 
organs, was evolved from every inconsiderable fragnted:, 
supernumerary might, by ^ome particular Qteration,^te 
produced; yet it was tog brfore mtmited tnMs werr re- 
warded with succm, and I had almost d^^mined tp ab^don 
the enquiry^ omceiving that a certain nit^y, of which I was 
not master, should be practised, and that it: had teai beyond 
my ability to detect the Si^ret cause of failure/* 
Notwithstanding the unpromising commencemmt of this 
Gentleman’s labours he still persevered, and at length nottod, 
that one of the planaiias upon which he had made an incision 
a little below the head, had, to qvK>te his own words ■ * an 
unnatursd prominence,wbich interru^ed the g«^eral contour 
of the side. October ^5th, nearly four weeks after the ope- 
ration, the superfluous reproducticm was clearly r^gnised 
to be the rudiments of a new bead. On the i3th of Novem- 
ber the c^ration of nature was fully accomplished ; a new 
and perfect body crowned by a head had grown out of die 
side of the parent animal, distant about two thirds the 
total length from the extremity of the tail/’ 

The work, from which the above extracts haw been 
copied, behig now out of pnnt, I have taken the liberty 
of transferring the delineaticm of tWs dmbU^head^d flmmia, 
iinder a magnified form, to the drawing accompanying this 
paper. Vite Ptee XVI. fig. s- 
With the view of ascatiuning whether, in my hands, these 
exferhnents woidd prove equally successful^ I look the ear- 
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Hast opportittiity of putting them in practice, but widi evi- 
dent is to the result (not however in the slightest 

degree ^ubting the accuracy of the above report), conceiving 
Aat no ciraan^anc^ of this nature had yet occurred, in the 
many and repeated exp^imen^ I had performed upon these 
aimi^ls during the past and tiie preceding summer* 

Having a considerable numl^r of the P. comutm in my 
possession, I took at least one hundred of the most active, 
and made an incision on the side of the body in each, but 
only succeeded in one solitary instance in obtEunIng the wished 
for result. 

Looking over these planarias after the lapse of nearly a 
fortoi^t, I discovered that the incisions had, in by far the 
greater number healed, so that no evident difference existed 
between them and perfect unmutihited planarise. Preterna- 
tural excrescenses had taken place in several, and others had 
sepamted at the place of Incision so as to become two animals, 
but only one phmaria, as before noticed, exhibited the very 
singvdar and astonishing circumstance of a double head. The 
addidonai h^d was in about six weeks equally perfect 
and well fonned with the other, although it had not yet ac- 
quired the usual deep colour. In fig. i. is a delineation of 
this doiMe headed planaria^ sudi as it appeared under the mi- 
croscope whai at rest ; fig. e. as seen when in motion. In 
about two m<mths after it had acquired this additional head, 
a fragment separated from the tail (the most usual place of 
separation) and was in progress towards its entire reproduc- 
tion, when it was accidentally lost— a second, and ultimately 
a tUtd fragmaat was spontaneously sepamted frmn the same 
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animal, A i^lineation of these as they at present appear, 
(magnified) is given in fig. 4 and $. The fight portions show 
the parts renewed. 

The planarw submitted to my expepments were, it must 
be confessed, from their long previous confinement, but ill 
adapted for the purpose ; I think it therefore more than pro- 
bable, that a dilFerent result would have followed, had these 
planariae been active or vigorous, or but recently taken from 
their native abode. 

From the number of experiments made both by Mr. 
Dalyell and myself, and from the very few instances in 
which they proved successful, it may be reasonably inferred, 
that the production in the same animal of a second or addi^ 
tional head, is a circumstance of unusual and extraordinary 
occurrence, and as such may not be unworthy a record in 
the pages of the Philosophical Transactions. 

In addition to^ my former remarks on the P. comuta and 
P. torvdy I have to observe, that I kept a considerable number 
of each of these species the whole of the last and the former 
summer, and not having noticed, during that period, any 
other mode of perpetuating their kind, than that of their de- 
taching small fragments either from the head or tail, I am 
of opinion they do not, like the other planarise — at least those 
I have examined, propagate by eggs; and this may suffi- 
ciently account for the reproductive power being so very 
conspicuous in these species. The P. torvaf however, does 
not possess this principle in so high a degree as the P. ^or- 
nuta. In one instance, I recollect one of the latter slides 
casting off two fragments from the tail, the very same night 
M0CCCXXV. L 1 
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it was takm, wMdi mem <My firevemed irom bec^iag 
perfect animals, by an acdd^tol occuirenise. 

Having found the Mrudo vulgaris or commcm rivulet leech 
to produce its yornig in greater number when kept se|mrate, 
I thought the planaria might be similarly affected. To ascer- 
tain this point, I took several of the P. cmmtm and placed 
^em singly in separate vessels, and in another vessel, by 
way of contrast, about an equal number together. During 
the first fortnight scarcely any fragments were detached 
from the latter, whilst the former, with but few exceptions, 
had each gone through this process ; some indeed throwing 
off or detaching more than one fragment. This spontaneous 
separaticm occurring so soon in those planariae kept apart, 
led me to think it was owing to the necessity then existing of 
continuing their species. Hence it would also appear, that 
this process is at all times under command of the animal, and 
may be called into action upon any particular emergency. 
And this I think the more evident, from the circumstance of 
my having lately placed three lively planarise in the glass 
globe where the double headed planaria had been hitherto 
confined alone— that spontaneously divided within the short 
space of four days, (Dec. ^^th) in the manner represented 
in fig. 7, S, 

In regard to the planariae placed together, although at 
first extremely indolent, yet they ultimately threw off as 
many fragments as in the former case ; thus proving, that 
their being kept together or separate makes no further dif- 
ference, than that where the demand is strong upon them to 
perpetuate their kind, this process is sooner brought into 
operation. 
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Hie fcflowing is the result of this experiment during the 
first month. 

Ko. of Hanafiae. No. of Fragments, 

IS placed tt^eJhery threw off i6 

io sep^tely - 13 

*5 produced * - 39 

These 25 plamrke, now placed tether, demdted in tlm 
course of the second month 33 additional fragmaits,mricmg 
a total of 66. Supporing therefore this c^Kration to con- 
thtue in full force ei^ nmntbs in the year, (and I find h 
unchecked even in the present month erf Januaiy) we should 
have in the whole 2418 fragments, an average <rf about 10 to 
each planaria ; but if we allow these creatures to multiply in 
a double or treble degree when at liberty, and supplied with 
jHOper food, we may then form a tokral^ estimate of the 
extent to which their reproductive powers might be carried. 

In ctmcluding this history of the P. cormta, I may rraiark, 
that the smallest portion detsuhed from the tail, so sanall in>* 
deed as to be scarcely perceptible^ is sufficient to cemstitute the 
active principle or germ of the fiiture aaiimal; but in this 
case these animals when perfect are so extremely small, as 
to lead one at the first ^bnee to believe that the parent ani* 
mals produced their young perfect and in a living mte ; that 
they were in fatt weiparrm. 

I dtall close this paper by a few genmul observatkms on 
the plmma rngn^ the comBKm of theffiitish ^narise. 
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P, nigra. 

Plmarut oMonga, nigerrima, aatice tmncata. 

Long, 5 lin, Lat s iin. 

Body, of a fine glossy velvety black, convex above, with 
ah elevated ridge in the centre; plain beneath, truncated 
before, slightly pointed behind ; two ventral foramina ; 
numerous eyes. 

This little animal, of which a front view is given of its 
natural size in fig. g. is the most sluggish and inactive of all 
the planariae I have yet examined. It is commonly found in 
ditches, attached to the under part of leaves, stones, &c.; it is 
often seen traversing the surface of the water in an inverted 
position like the glossopora. 

This species, like those formerly described, is furnished 
with a retractile trumpet-shaped proboscis ^ issuing from a cir- 
cular aperture in the middle of the abdomen,* and so capable 
of extension, when in search of food, as to equal in length 
the animal itself. A delineation of this curious apparatus, 
(which I shall in future take as a characteristic type of the 
genus I am describing) is given in a magnified view of the 
under part of one of these planariae in fig. lo. 

This singular apparatus by means, of which these animals 
take their food, is not the least of the m^y strange fea.tures 
in their history; it is indeed so far removed from the com- 
mon mode of receiving aliment, that doubts might well be 
entertained as to its real office, were it not clearly pointed 
out by Muller, and the ingenious author of the work to which 
we have recently alluded. 

The P, n^a Is oviparous ; each ovum, or more properly 



speaking, capsule, producing from 2 to S young. The period 
at which the young are excluded varies with the prevailing 
temperature ; the shor^st as seen by the following 

tables being 20, the longed days, m^dng a difiPerence in 
this respect alone of more month. 


Ho. of Ora or 
Capsules* 

When depositea. 

young. 

When orotrcd. 

No. 

5 

Aug. 5 

16 

Sept. 25 

51 

1 

7 

5 

29 

SS 

4 

14 

9 

so 

47 

5 

18 

SI 

10 

23 

12 

Sept. 2 

48 

22 

20 





• 


27 capsules containing 109 young, being an average of 
four young to each capsule. 


The P. nigmy if artificially divided in two or more parts, 
will have the lost portion restored in about a fortnight or 
three weeks. One of these under a magnified form, with a 
renewed anterior extremity, is delineated at fig. 11, for the 
purpose of showing a circular range of black specks, or what 
are commonly called eyes, surrounding the outer margin of 
the head. This species does not, as far as I have been able to 
ascertain, separate like tlie P. cornuta by spontaneous divi- 
sion ; although, in common with the genus to which it be- 
longs, it is enabled to repair any mutilation to which it may 
have been exposed. 

J. K. JOHNSON, M.O.F.RS. 


Jem . 1 1, 1S25. 



Dr. Johnson's ^hiervatians, &c. 

EXPLANATION OF PLATE XVL 

Fig. 1 and 2 . P. cmiuta (Aent view magtiiiic^Ji with an 
add^ortil head^ its seen when«at rest and in motioaC^ ^ 

Fig. 3 , P . Retina with an ad^mional head and bojj^^ ( prch- 
l^thly the same species as tl^ above. ) 

Fig. 4 , A separated fragment from fig. s. now become a 
perfect animal ; the lighter portion shows the part recently 
renewed. 

S- Another fragment from the same animaL in its progress 
towards acquiring a new head. 

Fig. 6, 7 , a. Spontaneous divisions of the P. comuta. 

F^. 9. P. nigra^ front view ; natural size. 

Fig. lo. Ditto, back view, magnified ; with the trumpet- 
sl^^i^d proboscis extended as in search of food. 

fig. XI. Dittx3^ front view nwignified ; showing a renewed 
anterior extremity, with a circular range of black specks or 
dots, supposed to be the eyes. 
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- 'Msii V. P. R, S: presmUd 

^ Smwt^ for diit impfvp^nmt of Animal Qtemist^, 

Read Mardi 47^18^5. 

In a)nsidermg this subject, I shall first mentidh that in ihe 
mcist simple animal stmctures endowed with life, large 
enough to admit of diss^^on, brain ^d nerves are 
with, although many sftich ^Imals possess no power of per 
serving a mmprafere Wgher than that of the atmosph^e 
by which they are inimediamlj surmuftd^^ 

In the oyster and fresh water muscle die whole nervous 
system consists of two small rounded bodies ; of these <me is 
placed upcm oesophagus, oi^ at the opposite end of the 
body of the animal; diey arecmmected together by two lateral 
nerves, one on each side, 

The internal structure of both these rounded bodies is the 
same, and resembles that of the brain in other animals, 
which Thave already shown to be composed of small glo- 
Imles, surroimd^ by a tiansparent elastic geiatmoos liquid : 
having this struetu^ I shall ccmsider them to repres^ni 
t% airf the i^^aimairOw of the anim 
T^4^h|^ratare of tibe oyster does mot exosed tl^t of Ae 
summnding wati^, since a small diermnm^ter introduced 
the sh^a by a ^oige uhdeigc^ 



Sir Everaeb Itosci the influence of 

In the garden smal the nervous system resembles that of 
the muscle, but has also numerous nervous braiiches going 
to ^^flferent jmits the body. The temperature of this spe- 
des of snail, when its operculum is closed, does not exceed 
that of the surrounding air: this is proved by making a 
hole in the shell and introducing a small thermometer, in 
which the mercury undergoes no change. 

It therefore appears that the existence of brain and nerves 
does not necessarily endow the animal with a power of pro- 
ducing heat. 

In the leech, the earth worm, and all the insect tribe, the 
brain and spinal marrow very closely resemble that of the 
garden snail ; but in all these tribes there is a pair of nerves 
running down from the spinal marrow the whole length of 
the body of the animal, which are united together at regular 
intervals by what are called gdiglions, composed of nervous 
fibres, apparently entangled and agglutinated together ; and 
in all such animals it was proved by Mr. Hunter, in his 
paper on heat, that their temperature exceeds that of the 
atmosphere when below 56°, although in very different 
proportions ; the excess in the leech being only one degree, 
while in a Mve of bees it is 26®. 

As the only difference between the nervous systems of 
those animals that have no jx>wer of producing heat, and 
those that have, consists in there being ganglions, I was 
led to suspect that this pow^er was derived from the gang- 
lions with which the nerves are furnished. Their structure 
is shown in the splanchnic ganglion. 

To ascertain how far there were sufficient grounds for 
this suspicion, I began to consider, whether any parts of 
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pof sessed of an unusual tiemperature were devoid of 
nerves ; the heat of the deer'^s horn while inclosed in its 
velvet in June 1824, when only one foot long, I found to be 
06^, and <m the 12th of July the tip of mi antler was ; 
from which it was evident that these horns during their 
growth have a power of producing heat, independent of the 
direct influence of the brain or heart ; and therefore it was^ 
only necessary to ascertain whether there are nerves accom- 
panying their blood vessels, which Mr. Bauer not only ascer- 
tained to be the case, but found them equally numerous with 
the arteries themselves. 

This discovery enabled me to institute an experiment, which 
at once would decide in what degree animal heat was under 
the influence of ganglionic nerves. 

As I might be considered too partial an evidence respect- 
ing the different results arising out of such an experiment, I 
contented myself with superintending it, and made over tlie 
operative part to Mr. Mayo, and his associate Mr. CjEsar 
Hawkins, teachers of Anatomy in Berwick-street, The 
experiment was to consist in dividing all the trunks of the 
nerves that supplied the velvet of one horn, while those of 
the other horn were left entire ; and see how far under these 
circumstances the horn would he liable to any diminution of 
its heat. 

The first thing required was to examine into the number 
of such nervous trunks, and the situations in which they 
were to be met with.. This was done in the head of a deer 
with antlers,; after death. 

The experiment was made in Richmond Park on the sist 
of July, i8r 4, a^ut noon, haying the dissected nerves be- 

M0CCCXXV. Mm 



fer# ui 0|feraticm. lll^i^e foimd to fe 

firtefal of fke flfHl piair, ^d the branch of the filth 

M6nglhg: td tl^ fir^ dMmcit Which ascends oh the outer 
pilt df the oihifc : this branch in idie human body is joinM 
by the trunk cf the pordo dura of the seventh |mir, but ift 
tfib d^f it Ms no ^uch connection. 

^ Eadh of these thinks were laid bare Mr. Mayo in the 
hSbst sadsfactoiy manrier, and a probe passed under the 
net^e, Which Was theti divided just where they emerge on 
iMvirig the great ganglion, which is close to the brain. 

That any difierence in temperature of the tWo horns which 
should occur after the experiment might be registered in 
the most accurate manner, a hole was bored quite through 
each of the horns at an equal distance from the tip, just large 
enough fr^y to r^ive the ball of the thermometer. 

AU hour after the nerves were divided, which was about 
thtbe o'clock of July the 21st., the temperatures were ex- 
iuhihed, and so on once a day as long as there was a mate- 
iM difference between them. This will appear by the fol- 
BWing diaiH^, only to have continued for five days. 


July at , 

Atniosp'here. 

^ - 

Unrated Horn. 

7a® 

Uttmjon^ ttern. 

^ 84* 

m 

bt - 

- 

69 

- OS 


64 

- 

67 

- 84 

at 



7 ® 

“ 34 

as 

67 - 

- ■ 

87 « 

- 90 


Forty-e^ht hours aft^ the nerves wem divided t:he i^m- 
perature of the horn was only 3® higher than that bf the 


From tile time ^e e^tperim^t was made tiie deOr wm 




Ji^pt i» a f wi^ pffo 

# Wy it hp^d briiii^d tibe h^ m irocji,^ wtecb 
)die sKj^nmmp ^d b^ mu#, th#t the dwy <^1# ^ 
ledger # c^tini^^ ittid that horn was then t# h<?tt€^ |Qf 
the two. 

Upon e^winaticM after death no union had. ta}^ place 
between t# divided trunk, but it was evident from t# 
very of its heat, that jK>me other connection had #cn form^ 
betwmi the n^es of the horn and ,th^ pf the head. 

This will not appear surprising when I mention t#t ^ 
fallow deer, before they have £ptiers, shed their horns in June; 
and immediately after, they again begin to bud, apd in t# 
middle of Augi^t are coinpfetely h^dened. Those w|^ 
antlers mew in April or May^ according to their keep, and 
at the end of August are at their fpll growth. So that in the 
space of four months all the i^rves that are to supply the 
deer*s horns of a full head have not only begim to form, 
arrived at their full growth, but have ceased to exist. This 
rapidity of growth accounts for their r^x>vering in fiye.dfys 
from any check that can he giym to their ready communi- 
cation with one another. 

Having gone thus far in my ^Kjuiry respecting anin^ 
heat, I was determined not to proceed till I had sati^actorily 
made out whether the placenta is furnished witii nery^; 
and upon that discovery being made by J^r. Bauxr^s a#ai- 
rahle microscopical observaticms, I found copious new mate- 
rials to enahk me to pros^oite the enquiry. 

The first ^ep I look .was to get my yopng |rien#Mr. 
C.^SAR Hawkiks, to examine and dcOTibe the gan^pns 
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Wongiiig to the nerves of the uterus, those of the nerves of 
tile oviducts in birds and of reptiles, which were foimd to 
be more numerous than those of other oigans: Mr. Haw- 
kinses descnpti<m of them has a place in my paper on the 
Nerves of the Placenta in the Transactions. 

The temperature of the human os tincae in health was pp®, 
half a d^egree lower than the antler of a d^r with full-head, 
in July ; but as I knew the nerves belonging to the uterus 
enlarge during pregnancy, I had no doubt that the tempe- 
rature of that organ would be increased at that period : in 
this I was confirmed by finding the oviduct of a frog ready 
to spawn two degrees hotter than the heart. Upon inquiring 
among my medical friends who practise midwifery respect- 
ing the heat of the pregnant uterus, I was told, that in turn- 
ing children, they sometimes found the heat of the cavity 
almost greater than the hand could bear. 11118 information 
made me most anxiotfs to have its temperature ascertained 
by a thermometer, as I knew that water heated to 125® 
degrees is nearly as hot as the hand can well bear. 

Upon this occasion I applied to Dr. Granville, who has 
upon former occasions assisted me with his knowledge on 
these subjects, having shown what becomes of the remains 
of the corpus luteum in ovarial abortions; and ascertained 
that the two ovaria are equally productive of male and female 
children, which had been deni^ ; and till Dr. Granville took 
up the enquiry, remained without proof. Upon this occasion 
Dr. Granville gave me most cordially his assistance, and 
having been supplied wtii a proper thermometer s^t me 
the following reports. 
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First report. 

In a nat^i^ labour, duration three hours. 

The heat of the uterus before delivery 
after delivery 

Flac^ta - - - , 

The pulsations at the wrist of the mother 
in the navel string 

Second report. 

In a labour at 7 months ; child ahve. 


The heat of the uterus before delivery 

100 *" 

after delivery 

- 99 

Placenta 

- 98 

The* pulsations at the wrist of the mother 

- 60 beats 

in the navel string 

lio 

The third r^ort. 


a labour that lasted 38 hours. The cWld alive, 
(delivered by fiarceps). 

Six hours before delivery in the intervals 

of the 

pains, the heat of the uterus 

118" 

When the pains strong ^ 

ISO 

After deHvery • 

lip 

The placenta - . 

no 

The pulsatkms at the wrist of the mother - 

• 100 beats 

in the navel string 

- t 9 ip 


10^ 

X05 

104 

70 beats 
140 



Thefmih 

In It hl^ur ^t la^ed 40 houzii ; the pelm deforottd. 

*nie heat dT tlie uterus was not accurately ast^r* 
tamed before delivery. 

after delivery - - ti^ 

Wben placenta expelled - - - - 118 

*I1ie placenta itself - - - 11a 

The In^nt ihe child breathes, the pulsations in the chord 
begin to decrease in frequency till they become the same as 
at the wrist of the mother, and then cease. 

As the balls of some thermometers are so thin, that any 
pressuie made upon them raises the mercury, and renders 
the instrument inaccurate, it is necessary to remark in this 
pla<^, that the thermometer employed by Dr. Granville 
was not capable of having its mercury raised a single degree 
by the greatest pressure upon the ball that could be made 
without risk of breaking it. 

When the heart of a dog is in action, the heat in the left 
v^itricleis 101, and is the same in the stomach, so that mus- 
cular action does not increase animal heat ; and the follow- 
mg circuiastances,in€ntioted in Mr. HuNtEii's paper on this 
subject, in his work on the Animal CEconomy, pmv^ that 
its Increase or diminution of heat is independ^t the ac^on 
of the ajrieries. A goitleman while in a state of insenMbility 
from im apoplectic fit, and lying in bed covaed up with 
blimk^; had his whole bcMy at one instant became extra^ly 
hot, and then suddenly extr^^ly cold, his |Hilse all the tmae 
undergoing no change. 

ittie glow of heat brou^t into the ch^k in the act of 
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Uushing* froKi whatever catme, hm hem geiiei^Ily 
to ms& from tite mah of Wood ioto th? ewBer 
it must however ilepend on the j^te of the gaig}^^ 
nerves. 

Although the nerves when p^forming tl^ir fm<^on^ i|i 
health appear to have no power of prc^neing keeping 
up the heat of the animal, there is no doubt that when 
are injured or di^ased, heat is produced. Of this in the 
tice of surgery the proofs are without end. 

I do not mean at present to go further into this suhj^j 
since it would lead me into discussions of some lmgth» fp- 
specting the real cause of the increase of temper^ure ex^t^^ 
by inflammataon md fever ; as however in lim Ae 
heat never I believe exceedb the stai^ard beat at the h^a^f 
whereas in the second Jt is raised to 104?® or .10^°;; it Is 
reasonable to believe that the first is from affections 
common nerves, the other from affections of ganglionb 
nerves. 

As the torpedo and electrical eel were ammig the first 
animals that I ever assisted to dissect, aii<l Mr. 
account of the structure of the electrical organs, and l^e 
wonderful supply of nerves with whicli they are furr^^i 
was laid before the Royal Society in July 1773 > threempnths 
after I had mlisted under his banner for the purpose 
secntmg hiunan and comparative anatcuay, it will only be 
©mrid^red as namral, ;that I c^mot conclude 
comnmnimnim, whbout stating, that the neii^es of tije 
pedo belonging to the electric organs, however nnin^r^, 
ncNfc being gai^lknie, do Im^ease ,the smndard b^t of 
animal. 



Sir Evesak^ Hbkis ^ 

iy havb f lower standard of heat than birds, I ^shM 

for scwne a^fi^ inibrmatibn respectmig the g^giions their 
nerves are furnished with, to determine the propbrtibn they 
bear to those in birds, I was also desirous of knowing 
whether there are any ganglions belonging to the nerves 
fliat isupply the electrical organs of the electri<ml eel, Mr. 
Hawkins's report on both these subjects I shall give in his 
own words. 

My dear Sir. In the skate I find the following ganglia. 

‘‘ The olfactory nerve expands into a ganglion of great 
size, from the lower surface of which mamy nerves proceed 
to the membrane of the nose. 

- “ The fifth pair of nerves has a plexiform appearance, 
chiefly on its inferior or lower root The lower of the two 
branches into which the ophthalUi^ nerve divides has a 
distinct ganglion upon it. 

The portio dura of the seventh pair of nerves forms a 
ganglion while passing through the cartilage of the ear. 

The eighth pair of nerves after passing through its fora- 
mina enlarges ccmsiderably, and that branch which passes 
alcmg the oesophagus to the stomach forms a considerable 
plexus on the end of the cardiac portion. 

The Spinal nerves originate by two roots, as in quadru- 
f^s, and on the posterior root a ganglion is formed. 

The sympathetic nerve has several ganglia where rfie 
hrmtches of the spinal nerves join It ; but instead of there 
h^g a ganglkm at evory subh junotkiii, as in the qutdruped, 
they are only in the proportion of one to six. 

lit exairaning the of the eleoric eel ind 

torpedo in the Hunterian Colleoticin, no ganglia are met with 



immsmdgmi^Emsmf^ : 'mn 

m . i^iTOs that su|^Iy tte elec^c organs ; eadb irf 

s^ljaratelf fmm the hrmn, aM comists of nwr 
incroas fasciculi, 

yours, kc* 

C^AR HAWKpS/’ 
From Mr. HAWicms’s exammatoi the gangBons In the 
skate da not amount to oi^-sixth part of those in the Jbhd, 
and the standard heat of this fish is low in proportion ; the 
thermometer in the stomiush bdng only 40"^, in the rec^m 
58®, while the surrounding water was s6®. 

EXPLANATION OF PLATE XVIL 
In which is exhibited tlie external and internal appear- 
an<^ of the great splanchnic ganglion. 

Fig. 1. The ganglion in situ upon the aorta; natural 
size. 

Fig, ». The ganglion enclo^d m its outer or dura matral 
covering ; magnified two diameters. 

Fig. s. A longitudinal section; magiufied in die same 
degree. 

Fig. 4. A small portion from which the outer or dura 
matral covering has been removed, but is stiH inclosed In 
the inner or pia matral coat; magmfied six diameters. 

Fig. 5. A longitudinal section t magnified in the same 
degree. 

Fig. 6. A very small portion of the internal substam^ of 
the ganglicm ; magnified twenty diameters, te show that it 
ccmsists of fasckadi globular fibres from 3^^ 

^rt of an inch ki diameter, similar to tho^ in the brain, 
ommed topdher by a transparent elastic jelly ; tius jelly 
umccxxr. Nn 



fM Sir m n0rwm^ &c, 

1st m mi;^ h^s i^siMlf m ^filled ms^ ^n diat 

iB^ ^ tite %rai0, 

die lasdculi are not so readily ^[mrat^ m e€ the 

are in two. 

Mg. 7 . A ^itkm of a sing^ globular fibre in its natural 
state^ cmly an incb 

1^^ §, The same pi^on 4d fibre extended by meam 
li^ great elastjidty of the jelly which connects the ^e^Mee 
to ;^^e d|an double it^ former lengdi. 






amimt Eg^iUmi 0y 
r-m B. mrnrnm, M.D; F. R. S; F. L. B; F Q. S; 

F ^ Ms High^ss tks JMk 4f Cx^iumir^i 
F^^nms in &c. &c, 

E^d Aprs 14, 

Jtii tte year iSsi, Sm Archibal0 Ebmonstone, wbose 
mts^stmg work on two of the Oa^es of Upper Egy|^ haa 
been $0 favontably received by the public, presmted me 
with aimiHimy, wWdi he had purchased at Goumou, on 
24^ March, iSt9^ from one of the inhabitants of the 
sepulchral e&c^vatlcms on the side of the mountain, at die 
back of wludi are the celebrated tombs of the kings of 
Thdbes. It cost ab<mt four dollars. There was no outer case 
to it ; and it is difficult to tcnceive how the beauty and per- 
fect cmidition of the surface of the single case in which (he 
mummy was inclosed, could have hem so well preserved 
without any external covering. It appears from ffir Aacm- 
aALo's teadmony, confirmed by my own observatlmis, that 
the mummies which have a ^ond, or an outer case, like 
one bought at the same time by ffir Archibauj Eomoko- 
fdlow travell^, Mr. Hoghton, and now lymg un- 
op^^ at bis near Fre^n, in Lancashire, have 
f<d^,.jtp^aHy, Wf^ greater care than the mie about to 
be folds aie orrtam^ited 

wife vaie^t^ the^ obag^aticns 



Bn cm . 

The first, or inner case, of those mummies is a>vered 
wth % kmd of pap^, on wWch the figures i^d hfereglyphigi 
are f ^ith much grater hriiliaacy of <^ow; SOTlar 
r^^ndrks apply ua the mummy presmted to the Himtman 
Mu^um at Glasgow, hy Mr, Hbywoou* a Smyiw merchant, 
the second or inner case of which is said to be of woiutefui 
beauty and brilliancy. 

The single case of the mummy which I am about to de- 
scribe, appears to be made of sycamore wood, two inches in 
tlnckness, consisring of two equal portions (anterior and 
posterior, as the case is made to stand on its feet) fastened 
together by pegs of the same material. It is a>vered, inside 
and out, with a kind of shell, or coat of plaster, or lime, of 
considerable thickness. Externally, this coat is painted with 
symbols and hieroglyphics running in horizontal and longi- 
tudinal lines laid on a deep orange ground, the whole being 
Kghly varnished. Internally, the surface is divided into hori- 
zontal broad stripes, except at the sides, where the stripes 
run in a perpendicular direction. These stripes are alter- 
nately white and yellow, and on both are inscribed hiero- 
glyphic characters an inch in length, constituting, to all 
appearance, one continued composition ; probably a prayer, 
or invocation for the dead 5 or the hiograpW^l record of the 
individual contained widiin the case. 

Ti^ form of the case is that known to belong to most of the 
Egyptian mummies broiight to Europe, and will be better 
understood hy inspection of Plate XYIU, fig. i. It mea- 
smes six feet five-taiths of m mch in its gr^test length ; 
mA Ss drcumference taken at three diflfemit i^mts, the supe- 
rior or shoulders, the central, and the Infe-lori immediately 



feat:, is 5 ft- 5 ft. S irlie 

cife Is at my house: ^ ‘ 

; Wlm the mammy cai^ mto my pc^^s^n, it was pri- 
mely In the state im which it wks foimd when the ca^ was 
first opaied by Sir Archibald Edmokdstohe, covered with 
cerecloth and bandages most sMlfully arr^^ed, and applied 
with a neatness and precision, ftiat would baffle even tl^ 
iimtadve power of themost adroit surgeon of the f^sent day. 
There Is no species of bandage which andent or modem sm- 
gery has devised, described, or employed, that did not appear 
to havf been used In securing the surface of the mummy from 
ex^ternai air ^ and these are repeated so many times, that bn 
weighing the whole mass of them after them removal, they 
were found to weigh twenty-^ght pounds avoirdupois. 

In unraveling these complicated envelopes in the presence 
of two or three medical friends, and Sir Abchibald himself, 
we could not but be struck with the precision with which 
the drcular, the spiml, the uniting, the retaining, the ex- 
pellent, and the creeping roller had been allied. The neat- 
ness of the turns, and the judicious selection of their size, 
length,^ and forms, in Older to adapt than to the difierent 
parts intended to be protected, and calculated so as to give 
to the whole an air of smoothness without a wrinkle, or the 
least appearance of dackness ftom the varying foim of the 
limbs, were really surpdsing. We here met with the 
thescapularium, the i8-tailed bandage, theTban^ 
dage, as well as the iintmm sdsmm, smd mfistrum, Were 

we less pte^d to find the many pie^ lieatly folded 
lu^n, jplaeed like ebmpresies, lit all timse |^s Of the body. 
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uSioh, |M[^sa:itiag nutoal 

mleas thus filled up, hav# m ^luly elitades is* ^ 

film airf st^dy ap^icati<m ^of the bandage. Eadr l^ib, 
€^h fiiig^ mkI ise, had a separam bandage to ^ 
sMu* ' r 

Tl^se observ^W reading the art of kaidi^ing amoi^ 
tile andent ^habitants cd Egy^, aa displayed in their b^ 
class mumiajea, have i^tj as far as I re^llect, been n^bie 
before die extent here jdiuded to, ^d will tiuow a wm 
light <m tie histey of tiiat branch of practical atirgery. 

The principal roUem appear to be made of a very c(Ha|Mict, 
yet ebstic liiien, some of them from four to five yards fit 
ki^th, without any stitch or seam in any part of them- Thra 
were also some laige square pieces thrown arcmnd tl^ 
thomx and ahdom^a, erf a less elastic textme. These pieces 
\s^fe found fo ;3dt<irr^ w^h the com]^tete swatiting erftte 
wtole bc^f. Th^ occurred four distinct times; While tte 
bandaging, with rollers and otho! fasdae, was repeamd, at 
i^yst, twmty tin^a- 

The numerous bm^bges ^ which the muimny was thus 
eiwelopd^ were wboHy covered by a rdter #^ 

whes: mi a half wide md dmm yards kaig, which, ate 
^dc^ a few tmm mmni boA feet, asemded in gracriat 
to te h^4, whmt^ desemdb^ again 
br^si, it wi^rixirfteie-^/T^ AbmWer 

b reanarMWe for die loose thmafe toeing fiombkte 
^pe WE a fi^e>:au4 for cef^fe of dta^tes foi- 
pNhfod cm sfeite to tectfoed ani by 

de f Om^ twu df tite 



^t*-'' §mm. ' A- f^e-teib’ 'of ^ mMdm fmgmm 

mM W fowiM ta fkm Xyili. fig. s, ' ^ 

^s fibc^v tibare wa^ teda^ 

mm tfeo head, btse^ht m front ^ tfee d»e^, ctossM 
lg^4 carrkd 'feehiftd the hadky wiki% Imng mmmi 
dso, it was again Imm^t in front to be onee ntoife Oi^sed 
and reamed haekward, and Amatedy stretohed from be* 
ted, beteOj down to tte Wlsene it oros^ a tMid 
fitne In ^ tnanner d^neafed with gteat jsf^^on m 
W^e XyilL fig. «. The shape, and pc^tm ^ the 
teba lay iMs completely conceded, lAeminmnj i^esmting 
a tenogen^ua ^line teseni^^g an elmtgated ovl4, tte 
snperior end ^ wMch waa twice the l^^tfihofthe MfeiWi 
There Wjus, beal<fes, Idd i^pon dhe tee, diove the b^* 
dl^es, a fiudc Mass lin^, by nornea!^ neatly fol^ up, 
Covered 1^ a acm^deraMe layar of a black binehliKnis snb^ 
wWdb b^^miie mt lor^ eitj^osure^ iroistmre, but 
which, while in that situation, most eifectualfy concealed ^ 
features : so that in the pre^t ittatece, tere appears to 
Imi^ eEkied no ^he in the survival r^tfives to presSfrve 
the ^^ments of a dierlshed friend, as must have been the 
cii^ wkh r^ird m tho^ mmHites d^ribed by than 
one a^dlmr, In which the bat^ges appli^m^ te h^d, hM 
hmi so skiUully m^aged as to netaSn eweiy fett»re erf* fibe 
-.fiice*'" ' ' . 'i ^ ^ ^ 

T^ c^ter immihihig olsmrvatloiis whh whk^ f Shan trou- 
te theS 0 #e^<m te s^bj^ o^ tesC bimd^es- have rdfe* 
teoe- to -fite d[ Whidh‘''th^*"am mad^,’'an4i 'ihe 

i^hslimoe A wMth th^ seem te lihpi^^^M. 
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hm^ ^mphf^ m the ^refi^raticsi ? of mr mamiGaf > 
HERoi>oTt7s mmtions only cottqa {J^m$} aM tbe mat^E^ 
im tli^ panose. Most mummies hitye bem descnbed 
wholly ; ^v^iopied in Mnen> ftiQth^ and ^ psracms am 
dispo^ to; doubt the existonce of eottoii in miy, ndt 

exeepmg in tbe one now m^er ixmai^rationv 

with respect to die last point, a simple expedmmit 
has, I think, set ite question at rest If the surface of old 
linen , and of old eottmi cloth be rubbed briskly ami far some 
minutes with a rounded pie^ of glass or ivory, after being 
washed and freed from ail extrane<ms matter, the former 
will be found to have acquired considerable lustre; while 
the latter will presi^t tm other difference dian that of having 
tl^ direads flattened by the operation. By means of this 
test I fleeted; several pi^s of cotton cloth from among the 
many bandages of our mummy, which I submitted to the 
inspectkni of an experienced manufacturer, who declared 
them to be of fliat matodal. 

Having removed, after an operation of upwards of an 
hour, the various, envelopes of the mummy, I directed my 
attention to its anatomical condition and state of preservaticm; 

It was at 4mce ascertaineii that the subject was a female, 
ami that iK> v€3:itol hrasimi^ as describe hf 
hM be^ pac^tised to extiact the ykc^a, ; , : : , . ^ . . ? ■ 

The ext^^al parts of generation, on which not a vestige 
of hair wm found, had be^ l^ought m cio^ c^toct,; atid 
notwithst^ding thmr shrivelled condftioni we^ readily 
The lulge , dmmg 

life, for timy wa^ found to Intend as jow down as #^ ! 7 th 



Eg^tim immmies, 

tib, against wMch tli^y closely press^ by ai^nis p^s- 
ifig over them. But on lifting the latter, the bleasrfesi them- 
were raised widi little exertion. Of these or^tns 
there remain, of coui^e, little more than the integuments^ 
whidi are c£ considerable thickness, and exhibit the nipples 
with their surrounding areolae In a perfectly distinct mamrer. 

The head is closely shaved ; the short hair, which is of a 
brown colour, can be felt on pasisng the hand over it; and 
oh close inspecticm, may be distinctly seen. Externally the 
cranium appears not to have been disturbed in any wayi 
The eyelids were in close contact. The nose has been flat- 
tened down towards the right cheek, by the ac^on of the 
bandages. The lips, from being retracted, allow the teeth of 
the upper and lower jaw to be seen, perfectly white and in a 
sound condition. The ams are crossed over the chest, the 
fore arms directed obliquely upwards, towards the extremi- 
ties of the shoulders. The lingers of the left hand alone were 
bent inwardly, the thumb remaining extended. No papyrus, 
or other object of interest was found within the grasp of the 
left hand, but a mere lump of rags which had been previ- 
ously dipped In the same bituminous substance observed in 
other portions of the envelopes. 

It is well known that papyri, idols, and other objects 
have been found placed under the arm pits of some of the 
mummies; but here nothing of the sort was discovered. 
Only a few glass beads of a blue and green cxslour, md 
bugles in all respects similar to dime which decorate the 
dresi^s of our modem ladies, and made of the same mate- 
ri^jdropi^ fromb^ween some of tbe folds of the bandages, 
while we unrdikd them, as if they had thmwn in gra^ 

MOCCCXXV. O o 
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tmteHrfy Aiiipg xjjp^rsKto^ ’by wfco hem 

mj^ayiog ^ iaige quantify rof the same ^rmyp^^ Jo pi^ 
pa^rlpg aome iftdre mummy, mdi m it by 

JoiiiLai^. ItrwHl be recoUeotal, that this gmtt^nan 
mme mummies hi which glass bugles and beads in profusicm, 
dispcmd m. a smt o£ treilis^nm^, iml^dded en bituiiiin<ms 
mbstoce^ had been fixed here and diere, over the surface 
cf the body, in obedh^ce, no doubt, to instnictions received 
to that efitet from the opulent surviving relatives, I am the 
more inclined to adopt the above conjecture with r^ard to 
the . pcesence of the few .beads and brutes found in my 
mammy, from the circumstance of my having found, like- 
wise, a^ porticn of reddish clay with characters painted on it, 
Scatter a fragment of the wall of the chamber in which the 
atnbaimers w^ at work, cxr of some case belonging to ano- 
tlmr mummy ) plac^ in such a mannm- as to act as a compress 
on thefnade of the left leg in contact with the skin Here 
it served to fillup a hollow which it accurately fitted ; thus 
Iceeping the bandage, which passed over it, perfectly tight, 
but which would otherwise have been slack. This instance 
of mdifference in the choice of materials to jmx^uco a parti- 
cular end, on the part of the CTibalmers, would, in my o|m- 
nion, account also for ^e accidenml presence of the beads ; 
and renders it unnec^sary to i^k for any learned or reccm- 
dite exi^anaiicm of their object. 

Following up my descripticai of the extOTial appearant^ 
of our mummy, I have to remark tlmt the infmor extremi- 
tfes were brought togi^er in clme contact at the knees and 
fe^, whkh latter kept m dmt position by a omtrivance 
jnimlair to that wbkii obtains to iMb day in .tmM puts 
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Eurape^ of two gmt by Bioaps oi a, 

p^'ofrag.or 

Nin^mus anf winkles , a|>p^rad <hi the 

mmu of the deot^g hefoio death,: this of 

dbe body mmt have had very consideraMe ; a ccm- 

jecture, the ccHTO^ess of which subsequent inquims have 
completely demonstrated. 

All these general appearances are well marked in Plate 
XIX, 

llie general surface of the body ki of a deep brown colour, 
approaching to bkck, smd is quite dry. In parts wh^e tite 
larger muscles lie, as the thighs for instance, the surface 
feels quite to tte touch, and the musdes yield slightly to 
pressure. The cuticle appears to have l^ntemoved through- 
out, except at the extreme points of the fingers and toes, 
where it can yet be seen curled up, retaining the nails, of 
a deep brown colour, in their situation. Some of these, how- 
ever, quitted their fastening when die slightest attempt was 
made to detach them. 

The dimensions of the mummy appeared to me to deserve 
the next consideration; and they were taken with great 
accuracy. Such an opportunity as that before me, of ascer- 
taining the size and proportions of an Egyptian woman, w1m> 
had probably lived before the building of the pyramids of 
Memphis, could not be allowed to escape; especiaily as no 
admeasurement of a r^dly p«fe:t female mummy has been 
re<orded in modmi times, I deemed It, tltetefcare, an object of 
importance in the study of the natural history of man, to 
have those admeasuiements ascertained with pm:i^<m. It Is 
well kiKiwn, dmt the fi^ptian form has been assumed as 
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the type of a specific variety of the; Ethiopaa race, parti-^ 
culariy by the venerable Bjlumenbach, from eertain supposed 
peculiarities of outward conformation. Tht c^sidaration 
of what follows will enable m, as far as a solitary instance 
can do, to judge of the con-ectness of such ccmjectural gene- 
laliz^ons. . 

Height of the mummy from the vertex of the Feet fe. 
head to the inferior surface of die calcaneum 5 o. A 

Thus divided. 


Length of the head from the vertex to the first 

vertebra of the neck - - - - o 6.^*5 

I^gth of the back bone from the first vertebra of 
the neck, to the articulation of the os sacrum 
with the os coccygis - - - - i 10 

Length of the thigh from the centre of the head 

of the femur to the centre of the knee pan - 1 5.^5 

Length of the leg from Ae centre of the knee 

pan to the inferior surface of the calcaneum 1 3,^% 


Total 5 0./5 

The dimensions of the upper extremities and of the foot, 
are these ; 


Length of the arm 
— of the fore arm 


Feet. Inch. 

1 X.j% > 

o S 


2 


6 . 


III. 1.1... of the hand from the tip of 
the middle finger, to the articulation 
, at the wrist ~ - 07 

Length of the foot - - - q 

Hiese dimensions will be found accurately marked in 
Plate xmy 
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Now we firii, on wmparmg the principal of ttese^ dimen- 
sions, with those of the Venns de Medicis, as given by:WiN~ 
KELMAN, Camfee, and others, that the difference betw^ai 
them is so slight, as not to deserve notice. Chir mummy is 
that of a person rather taller. The celebrated Mediceail sta- 
tue, which stands as the representative of a perfect beauty, 
is five feet in height, like our mummy, and the relative ad- 
measurements of the arm, fore-arm, and hand m each, are 
precisely similar. 

But in a female skeleton, it is the pelvis that presents the 
most striking difference in different races. Nothing, for 
instance, can be farther removed from the symmetrical form, 
and from the dimensions of the pelvis in the Caucasian or 
European race, than the -same part in the Negro or Ethi- 
opian race. Of this fact, I shall be able to convince such of 
the Fellows of this Society, as are not conversant in these 
matters, by exhibiting the most perfect pelvis of a well grown 
Negro girl, which I prepared some years ago, in contrast 
with that of our mummy, which I likewise carefully dissected, 
and caused to be represented by the same accurate artist 
in Plate XX. When subjected to this ccanparative test, 
the pelvis of our female mummy wUl be found to come 
nearer to the hem ideal of the Caucasian structure, than does 
that of V(omen of Europe in general, and to equal in depth, 
amplitude, and rotundity of outlines, the Circassian fonn. 

In illustration of this remark, I made the following mea- 
surements. 

Greatest distance or width of the pelvis frcm frie 
highest point of the ridge of the iUum- on one side, lu. 
to -that of the other side - - - - 
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twci"ailte*^>-mpeiior ^piiotts 
p^dc^sisesoftJ^ila - - * * tp 

Bis^K^eteweeli Aet«b®rosatka<rfth^^ - S./s 

of tite bi»dies of tte ischium to fohi Ae 
de$cei^i}g !iiH^iidie$ of the pubis, and form tfae sub-» 
puManarch - - - *• - s 

Grea:^st eleiraticm of the os kmominatum or haumSi 
bone, from the tubara of the ischium to the highest 
point of the crest of the ilia - - • . s 

1 Wameter of ihe pelvis, 

Ti^amverse, or bi-riBac diimeter - * ^ > 5.A 
Anterio-postei^, OT sacro-pabian diameter > - 4./© 

Ob%ue, or saci^ilio-cotylQid diamet^ - - A 


- Not only we these the most perf^ dimmsk>ns which a 
pelvis can have, but they are predsjdy in the pro- 
poatiDn which longesst diameter bears to tfie skat^t, in 
th®?lfenus of the FfomiUii^ Gaifery, accoidh^ to Camper, 
nameiy^ as 4 f to 34; whereas in die Negro or Ethiopian 
die pmpcation is 39 to.ati-j or what amounts to the 
same thir^, the hmgest diameter of die peNis of the N^ro 
gM aboveHEH^idonedis <»ily 3-^ inches^ while thti shcatest is 
no more than s.^ inches^! Jn this respect my admeasure* 
mdits a^^ with thc^ giv^ fey! SbEtomm©. 

What- has :just teen observed: of :the skel^ma generaHy, 
and t£ die pelvis In ^trtaaalar , applies ^th force to die 

form and dhh^stons ^ the head.r So: far jfem having any 
trait of Ethiopian character in it, this part of our mimmy 
exhibits a foimation m no way dififermg frcmi the 
On looldng at Plate XXL v^Wch represent with imru- 
pulous accuracy the contour of the tead of tte natural 
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to the ifeidl of Ae Gtoigian feimle repi^sc^d m Ae Z>e- 
ca$ tertia Crmmmm** of BttiHEirBACfi's very imirucdva ml- 
imtion« In boA we have Ae facial approaching 
to a right ai^e: and Ae confi^tHatkai df the vertex and 
ocdput in ^ch is such, as must attract zdtentlon fox its ele- 
gance, md the imficatioa of a someAing moA important 
than mere beauty. 

It may be affirmed then, Aat Cuvier's opinion respect- 
ing Ae Caucaaan ori^n of the Egyptians, founded on his 
examinatian of upwards of fifty heads of imiminies, is corro- 
borated by the preceding observations ; ^ and Aat the ^sterns 
which were founded on Ae Negro fond, are destroyed by 
almost all tl^ remnt, and certainly the most accurate inves- 
tigations of As interesting subject It is a curious fact, which 
has been noticed by more than me traveller, that whole 
famihes are to be fmmd in Upper ]%ypt, m wlmm the gene- 
ral character of Ae head and face strongly resembles Aat of 
the be^ mummies discovered in the hypogei of Thebes ; 
and not less so, the human figures represented in Ae ancient 
monuments of Aat country. 

Haying proceeded thus far in my inquiry into Ae state of 
preservation of Ae mummy before me, I determm^, perfect, 
and b^uAul: as it was, to make it the object of further re- 
search by subjecAig it to Ae anatomical knife, and thus to 
sacrifim a most complete specimen of the Egyi^tn art of 
etubahning, in hoi^s of elidAg some new facts illustrative 
of so curious and interesting a subject ; for it is to be observed, 
that A deficiency, of jour knowledge an the lut of p-eparing 
mummies by Ae andent i^yptians, boA as te Ae mode of 
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Qpcgrating, EBd of the degree of perfecth»s to wfeh that ait 
was carried among them, has arisen from imperfe^ and infe- 
nt«r specimens having “been genemily employed fo^ the pur- 
pose of investigation, the best and most perfect mummies 
(rasembling the one I have undertaken to describe) havmg, 
invariably, been preserved intact j and, in most cases, unco- 
vered, as valuable objects of curiosity, in private or public 
Museums. A rapid glance at v^rhat has been publicly recorded 
on this head, will prove the correctness of my assertion. 

The Royal Society itself has contributed but httle towards 
the knowledge of this interesting branch of the natural 
history of man. The subject oi Egyptian mummies was 
brought before it, by two of its members, who from talent 
and professional avocations, were well calculated to do it 
justice, had their oppormnities been more favourable. The 
first paper on this subject in the Transactions, is by Dr. 
Hadley, who, in 1763, examined a mummy which he had 
received from the Royal Society, and an account of which he 
presented in the following year. The paper contains a very 
clear statement of the successive operations for ascertaining 
the real condition of the mummy, but seems not to have 
added much to what was already known, at that time, respect- 
ing the mode of preparation. 

15 ^ mummy retained not the smallest vestige of the soft 
parts, except some of the tendons of the feet, to the sole of 
one of which a bulbous root, perhaps an onion, was di^veted 
firmly bound by fillets and jptdh ; reminding ns of Juvenal's 
lines: 

sanctag g^tes, quite Iiaec teeimtur ia hortig 

r 





Egyptian mummies. 

Hie bcjfies were ail more or less brittle, and of th^ 

separated into splinters , in the pr<^ess of the exammatkm. 

After an interval of thirty years^ we find the subject of 
Egyptian mummies again before the Royal Society, in com 
sequence of a letter from Professor Blumenbach, to Sir Jo- 
seph Banks, being read at one of the meetings in 1194; 
giving an account of three small mummies, and a larger one, 
opened by Bie Professor whan in London. The latter, as well 
as one dP the former, belonged to the British Museum, and 
the curators had allowed him to select them from among those 
deposited in that national collecdon. In addition to these, 
Blumenbach re-examined the mummy of a child supposed 
to have been six years of age, which had been inspected be- 
fore. The first of these proved to be nothing else than a 
mass of bandages, strongly impregnated with resinous sub- 
stance, without the smallest vestige of a human body within 
them, affording another instance, in addition to those noticed 
by other writers on the subject, of the impisitions practised 
either by the Egyptian embalmers, or by the modem traf- 
fickers in mummies. The second mummy opened by Blu- 
MENBACH proved to be that of an ibis. In the third supposed 
mummy, only one or two fragments of a human body were 
discovered ; while in the fourth, the largest, indeed the only 
real mummy, nothing but naked bones w^e found within 
the bandages, a result not far different from that which 
Blumehbach subsequently obtmned from the examination of 
two other mummies belonging to private individuals, which 
he had an opportunity of opening before he quitted this 
country. J^ch is the sum total of the infomation to be found 
in the Transactions of the Royal Society on the subject of 
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Egyptian miiminiea, and tile ex^t its butions tn- 

wands the eluddation of tbk interesting topic^ if we except 
the little that Dr. Grew has said in his pdnted catal<^e of 
the Museum of the Society in 1681 . 

Nor hM the intjuiries of sdentific men on the continent 
hmn more successful until lately. Thus ICestner, who de- 
sciibed the mummy at Leipzig ; Hertzog who opened the 
one at Gotha, in which more idols, beetles, frogs and nilo- 
Jneters were found than had ever been met with under similar 
circumstances ; Gryphius, who in the year gave an 
account of two mummies in the Dispensary of Critsius at 
Breslau ; and lastly Brunniel, who dissected the mummy at 
Copenhagen, found little more than fragments of bones, or 
whole skeletons in a dry and unsatisfactory state. Bruck- 
MANT and Storr, the oiie at Cassel, the other at Stuttgard, are 
quoted by Blumenbach, as having written on the subject of 
mummies ; but I have not had the means of procuring their 
descriptions, which, however, to judge from Blumenbach^s 
language, contain no better account of the state of those spe- 
dmens of Egyptian art, than he himself had been able to 
give from his own experience. 

Long before either Doctor Hadley or Blumenbach had 
directed their attention to Egyptian mummies, Rouelle, an 
aninent French chemist, and Caylus, ah antiquamn, had 
treated the same subject with minute precision, although not 
with better results. Of two papers, which the former had 
promised, one only was published in the M<dmoires of the 
French Academy of Sciences. In that paper, Rouelle has 
given an account of several mummies be had examined, with 
a vie# to ascertain the mode in which they had been em- 
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palmed ; aed hrn depciib^d s^^eral chemical operatioBs to 
whi^ he subject^ them, in order to discover the mtnre of 
the ingredients employed by the Egyptian embaltners. The 
result of these experiments by no means setded the ques- 
tion they were intended to resolve. With regard to the 
anatomical state of the mummies examined by him, the in- 
formation he has given us is very deficient. All he has said 
reduces Itself to a repetition of the commcm adage “ dry as 
a mummy/" Like Dr. Haoley, Blumenbach^ and many 
subsequent writers, he came to the coiu^lusion, that Egyptian 
mummies are invariably found in a state of aridity, without 
the least vestige of the soft parts or viscera, and are wholly 
deprived of humidity, in fact, that they are mere skele- 
tons enveloped in** cerecloth/" It will be seen, tlmt such an 
opinion requires considerable modification. 

The next information of importance we possess on the 
subject of Egyptian mummies, is to be found in the third 
and fourth volume of the Transactions of the Royal Society 
of Gottingen, Of two papers on the subject by Professor 
Heyne contained in those volumes, the first relates to the 
antiquity of mummies generally; and the second gives a 
description of a mummy presented by the King of Denmark, 
to the Museum of the Royal Society of Gottingen, on which 
Professor Gmehn instituted various chemical experiments 
detailed in a separate paper, int^ded to throw some light on 
the art of embalming. Numerous as those experiments appear 
to have been, conducted, moieover, widi great care and pre- 
cision, they nevertheless lead not to more satisfactory eon- 
clusicms, than the experiments of his predeces^r Roueele, 
between whose mults and "s there exists considerable 
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^a^ejpancy. With respect to the state of integrity of the 
mummy itself. It is mention«i by Professor HEifNB, that not 
only had the vis^ra been removed, but that the muscles 
also, aiid every soft part, hadheen taken away by accurate 
dissection, made with some sharp instrumait ; for nothing 
Ivas found to intervene between the dry substance of the 
bodies and the bandages. 

It is needless in this place to advert in a particular manner 
to the writings of older authors, who have more frequently 
indulged in conjectures than adhered to facts. They have 
treated the obscure, yet interesting subject of Egyptian 
mummies, with more erudition dian discrimination, and have 
hot removed the difficulties by which it is surrounded. Much 
curious information, however, may be collected from their 
works, especially from those of KmcHER, Pietro pelea 
Valee, Greenhill, Pocock, Bremond, Maleet, Dr. Mid- 
dleton, and others. 

The temporary occupation of Egypt by the French army 
offered a wide field of observation to the antiquarisms and the 
men of science of that nation, the fruits of whose labours 
have been inserted in a splendid work which must he fami- 
liar to the Fellows of this Society. Among the many objects 
of res^rch to be found in that work, it appears that that of 
mummies engaged the attention of several very competent 
individuals, such as Denon, Jomard, Larrey and Royer. 
These gentlemen directed their inquiries to the number 
of those preparations to he found in the many excava- 
tions they visited, to thar state of preservaticm, and to the 
^hahle method by which they had been emtelmed. The 
number of mummies discovered by them was prodigious, 
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and although they state, that the degree of presarvaibn in 
which the mummies were found varied considembfy, they 
aH agree, more m less, in asserting Aat, as far as they had 
examined them, there appeared little more than the skel^ 
tons remaining. Jomar0, indeed, mentions generally, that on 
removing the handles, “ on observe un “corps noir et dif- 
forme,'* and all of them are equally silent on the fact or pos- 
sibility of the viscera being still in existance in any mummy. 
Royer, who has taken a more extended view Of the subject, 
and has described with great accuracy, the appearances in 
two or three distinct classes of mummies, does not mentkm 
any of the facts in referent to them, such as I shall pre- 
sently relate In connection with my own mummy. This omis- 
sion induces me to believe that the French haturahsts never 
met with a perfect mummy, and that, therefore, the descrip- 
tion of a mummy in every respect much better preserved 
than any that has hitherto been noticed, must be a desirable 
object to the antiquarian, the learned commentators on 
ancient historians, and to men of science in general. Baron 
Larrey’s Memoirs are chiefly intended to determine the 
question of the identity of the present race of Copts with 
the aboriginal Egyptians, whose descent he traces from the 
Abyssinians and Ethiopians by a comparative examination of 
the crania of several mummies he had collected in the desert 
of &iqquarah, and of those of the modem Copts found in a 
cemetery near Alexandria. The mummies of l^quarah, 
however, are acknowledged to be very infeTOr to those of 
Upper Egypt by all travellers ; and cannot, therefore, be put 
in compe^ion with the latter, in an inquiry into the art 
^imibalmmg among tte ancient Egyi^iant, 
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erf the infirfaiiation thus e^Heot^ f ri>m tl^ 
wridng§ dilerent authors, calculated to c^uyine^ me that 
had jmt in possession of a better, and a di^ferentlj 
prep^^ mummy from any that had hitherto been r^rded ; 
many curious facts corroborative of that conviction, and 
capable of illustrating the anatomical history of mummies in 
gaaml, were communicated to me by the late Dr. Baillie, 
by Sr E. Home, Mr. Broi>ie, Mr. Clift, and others. It 
would appear from their statements, that the inquiry into the 
condition oi these singular preparations had, from time to 
time, engaged their attention ; and that if nothing very new 
or very interesting was discovered hy those eminent anato- 
mists respecting them, the circumstance is to be attributed to 
the cause already alluded to, namely, the imperfect state of the 
mummies which fell under their inspection. Both the late 
Dr. Baiixie and Mr. Wilson mentioned to me that they 
were present at the opening of a mummy by Mr. Hunter, 
who found it to consist of a mere skeleton, with the skin over 
it perfectly dry ; the whole presenting so confused a mass that 
no one particular part could be recognised. Mr. Brodie saw 
and examinai three mummies that belonged to Lord Mount- 
NORRIS, and which he found quite dry and uninteresting. 
Another mummy, brought to England several years ago by 
Colonel Leake, and at fhe dissection of which Mr. Brodie 
was also present in 1807, was not found in better condition. 
Hie same observation applies nearly to that which my friend 
Mr. Hamilton, the late Under Secretary of State for Foreign 
Afeirs, sent to the College of Surgeons, and which was exa- 
mined by Sir E. Home, Mr. Brodie, and Mr. Clift, in the 
presaice of Sir J. Banks, Mr. Hatchett, and others. Mr. 
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BEOjDiB^ who took notes of the dis^ction, and Mr. Hatchett, 
have s^ed to me, that there were none of the viscera hr the 
mummy in queshcm ; that it wasnot in a flexible state, and that 
the muscles could scarcely be distinguished. Sir E. Hoism 
himself, on the other hand, cannot tax his mOTtory as to tte 
precise parts discovered, the dissection not having been com- 
pleted, in consequence of the remains of the mummy being 
destroyed in some of the souterrains of the College, from the 
effect of dampness in a newly erected building. Mr. Clift 
mentioned to me that the%xtefnal parts of generation were 
perfect; and Sir Everaro recollects that the face was in a 
high state of preservation. If so, it is to be lamented that a 
circumstance, over which Sir Everard had no control, should 
have prevented him from prosecuting an enquiry, which no 
man could have rendered more instructive ; and the pub- 
lication of which would probably have done away with the 
necessity of the present communication to the Society. 

Sir Everard Home made some observations on another 
mummy brought from Thebes by the late Captain Kennet, 
of the Engineers, in i8o6 ; the particulars of which he has 
kindly communicated to me. The mummy in this instance 
was that of a male ; and, as far as could he judged from ex- 
ternal appearances, seemed to be in good condition. No 
internal examination was permitted. The head had not the 
app^ranc^ of that of an African. The face was entirely ex- 
posed, as well as the chest, and the anterior part oi the 
abdomen. The skin w^as entire in all these places. On the 
upper part of the head, as also on the chin, tihe hair Was 
preserved. The teeth were perfect, and the skin was nearly 
quite black, a circumstance^ which Sir Everard tMhks, 
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mmt jbe attribute to its having besn stained with some gem, 
Imin had hem removed dirough me of the orbits, into 
whieb false eye-balls had been introduced. The eye-lids were 
entirely removed, probably from accident. Indications of mus- 
cles were observed on the abdomen, the scapulae;, the back, 
md an the nates. The legs were not uncovered ; but the 
tes were aU exposed. The arms were placed so that the 
hands came upon each ^roin, there being a middle space at 
the pudendum, of about two inches, between them. The male 
organs were so enveloped as nof'to be traced in any degree 
whatever. ' Sir Everard took notice of the principal dimen- 
sions of this mummy, which, as aflbrding the means of com- 
parison between the two sexes, may properly find a place 
here after those of my female mummy. 

Length of the body, from the vertex of the Feet, inches. 


head to the bottom of the heel - - 5 2 

Breadth across the shoulders - 1 3 

Length of the arms, from the top of the 
shoulder to the end of the fingers - 2 6 

Breadth from trochanter to trochanter 1 o 
Length of the foot - - - - o 9 


To those who are familiar with the accounts published by 
recent travellers in Egypt, it will be needless to repeat that 
Dr. Bradley on the one hand, and Dr. Richardson on the 
other, acknowledge that the mummies which they had an 
opportunity of examining appeared to consist of littk more 
tiwi mere dry bones. 

My friend, Mr. Walter Davidson, of the house of 
Hereies and Far^uhar, has also added to my store of 
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informa’^ti oil Ae fflresait subject- He purdiili^d a mummy 
from tbe excavations near Thebes, at Ooumon, in February, 
i8ao, selected out of a dozai which he opened, as the best 
preserved. It proved to be that of a male- It was quite dbry ; 
the hair and teeth were most perfect, the fmrmer being very 
long, in great profusion, and smoothly combM down. The 
body contained only a large quantity of gum, and there 
was no flesh, or very little of it, on the bones* Every part 
was brittle. It was enveloped in cotton bandages to a great 
extent, and was contained within two cases. His fellow tra- 
veller, T. Coates, Esquire, of Newcastle, brought from 
Egypt another mummy, which was presented to the Literary 
Society of that towii, and of which an account appeared in 
some of the public papers of last year. This mummy was 
not opened- Within the last few months a highly preserved 
mummy, and one which, to judge from the description given 
in the public papers, I should be inclined to class with my 
own, has been dissected and exhibited before the literary 
Society of Bristol. We are promised a detailed account of 
the appearances by a competent person ; and if these should 
correspond with what is detailed in this paper, an additional 
value will be given to my observations, which I could scarcely 
have hoped they would so soon receive. 

The facihty which I deemed it my duty to afford to every 
individual interested in sciencei of witnessing the demonstra- 
tions of my mummy, brought to my bouse, among others, 
Mr. WitMOT Horton, Under Secretary of State for the Co- 
lonial Department. Pleased with what he there saw, this 
gentleman was kind enough to place at my disposal, the 
head and right arm of a malemummy, which, though not 
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so cwiricp^ ip of ppeseryftticHi compared to other ap^i- 
mms^ sa^ objects of po ipccaislderable inter^t, from tbe loca^ 
lity in ;iyluch they are said to have been*dis^veredj namely^ 
near Tripoli, cp the coast of Africa. They were forwarded 
by the British Consul resident In that town ; but as no cir- 
cuinstoce connected witii the discovery is known, it would, 
perhaps, be premature to come to any conclusion as to the 
probability of the art of preparing mummies having been 
exercised among the inhabitants of the nopth of Africa, as it 
had been by those of the east. 

These remains of a mummy are not altogether devoid of 
interest, in as much as they supply us w|th corroborative 
proofs of the general principles of the art of embalming, 
having been such as I shall describe in this paper ; and as 
affording additional evidence of its strong power of preser- 
vation. 

The head, in this case, was covered with a few bandages of 
coarse linen closely adhering, and, indeed, intimately con- 
nected with the integuments and muscles of the face, by a 
black resinous substance, which must have been applied hot, 
as it has burnt the soft parts to the very bone, and even some 
of the teeth. The hair is preserved, but it is with great diffi- 
culty that it can be disentangled from the hard and brittle 
resin. It is about two inches long, of a reddish brown, and 
in slight curls and tufts. Hair grew down the cheeks and 
on the chin, about an inch in length. 1 lemoved the bandage, 
and thus denuded the head and face altogether in most parts, 
carrying away, necessarily, the integuments and muscles. 
The l^ad is not prepared in the best manner, but according 
to cm of the least expensive processes. The brain was 



removi^ thr^gli ^ ftc^trife, and in die dpe*atlcm t!ie os 
onguis of the right side was injured. Itje ey^ wi^ pie- 
sirred, blit in taking away the bandages fey came away 
with them. By immersion in hot water, I Was enabled t6 
separate the external coat oi fe eye Ixill, which became as 
soft and globular as in a recertt spedmen, though discoloured. 
There is a very remarkable feature in fe skuS, and that is 
the extreme depth of the mbits, which amounts to ef in- 
ches, tapering inwardly, so as to present fe appearance of a 
perfect cone. 

Whether this head bears marks of being that of an African, 
in the full sense of the word, or not, I am not able to decide. 
The contour cd* fe head, the inaxiliary bones card jaws, and 
the appearance of the hair, inehne me to that opinion ; 
but the Members of the Society will have ^ opportunity 
of judging for themselves, by inspecting the head after 
the me^ng. Certain am I, that it is not fe head of a 
Negro. 

The arm, sent with the head from Tripoli, is uncovered. 
The muscles are preserved, but fey are harder than in my 
other perfect mummy. The hand is stretched. There is 
only a pcallon of the humerus, which seems to have been 
fractured off, not cut regularly, from the appear^ice of its 
splintery extremity. The length nf what remains is 8 inches. 
That of fe fore arm is i inches, ^d the h^d, from fe 
wrist to the tip of the middle finger, is 7f inches Img. 
This sp^lmm also will be submitted to the Insperflcai of fe 
Manbers af^r the meeting. 

Havmg fes l«mught wifliin narrow limits fe literary 
hismry of iEgypfian mummies in gaieral, f shall proceed to 
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of my account of ^ of tli^ 1 

hayo 4 eambed, by which I trust the Scjeiety win be enabled 
to form an opfe^a of the ^egyee of importance Aat belongs 
to tte present cmnmumcation. 

An Indsion baying been made into the paries of &e ab- 
domen, Just below the ribs, and continued down to tbe hip 
bone, on both sides, and carried along the margin of the 
pubis, the whole of the integuments and tnusdes were re- 
movedj so as to expose that cavity completely to view. The 
objects which th^ presented themselves were a portion of 
the stcanach adhering to the diaphragm, the spleen much 
reduced in size and flattened, attached to the super-renal cap- 
sule of the left kidney, and the left kidney itself, imbedded 
in, but not adhering to the latter, and retaining its ureter, 
whidi deseeded into the bladder. This, as well as the 
uterus and its appendages, were observed in situ, exhibiting 
strong marks of having been in a diseased state for some 
time previously to the death of the individuaL Fragments 
<mly of the intestinal tube could be found, some of them of 
<x>nsida:uble dimensions, and among tiiem part of the coecum, 
with its vermiform appendix, and portions of the ilium. 
Several large pieces of the peritoneal membrane were like- 
wise observed. (See Plate XXII. fig. 1,2,3.) 

There were also seveml Iianps of a particular species of 
brittle lesin, two or three small pieces of myrrh in their 
simplest smd natuml state, and a few larger lumps, of an irre- 
gular shape, of some compound of a bituminous and resinous 
nature, mixed up with an argilliu^eous earth. These seemed 
to have heoaforo^ up to fill the cavity of the aMrnnen, uiter 
the removal of the largest p<wi3ons of the intestines, and of 
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as more of ike contents of that cavity as the emfealmers 
could get at, by the very dmasy process wMch a^ars to 
have been employed in this case, for the extmction of those 
parts through the anus. This orifice was cut in various direc- 
tions, probably with the intaitlon of enlarging it ; but, more 
likely, in ccmsequence of the forcible introduc^on of the in- 
strument employed in extracting some of the visc^a. No 
traces of the right kidney could be found, nor of the liver 
or minor glands of the abdomen although, amcmg the many 
fragments of membranes and other soft parts which lay in 
confusion, and were removed for better inspection, the late 
Dr. Baillie, who was present at one of the demonstrations, 
det^ted the gall-bladder slightly lacerated, but in other 
respects perfect, retaining a small portion of the peritoneal 
covering of the liver attadied to it, as well as considerable 
remains of its own ducts. 

The cavity of the abdomen being emptied of all its con- 
tents, I continued the circular incision back to the sjMne, which 
I divided at the first lumbar vertebra. I next sawed off the 
thighs a few inches from the hip, and dissected carefully ail 
the soft parts from the pelvis, so as to asc^tain the condition 
and dimensicms of this important part of the female skeleton. 
In performing this last operation, which occupied me two 
hours a day for nearly a week, (smne m^cai or scientific 
frknds bdng present at each ritting), we could not help be- 
ing stnick with the remarkable degree of preservation of the 
muscles, such as had never 1>dfore b^n noticed in Egyptian 
mummies, and such as to admit of their bdng i^parated 
from one another, as readily as in the ^ssf^on of a lecent 
subject. Nor was riie perfect conditicm of the articuktory 
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and ligam^ts l^s siir|)dsliig, wMch aUowed 
us to im^rt to the gi^t artfculatlon of th^ thigh with the 
ilium, it^ vaiious movements, a drc^msMic^ seldom ob^ 
served, even in modem preparations of the pelvis. 

Seme of the ^ssected muscles, as well as the denuded 
pelvis itself, will submitted to the inspection of the Fellows 
after the Meeting of the Society.* 

The cavity of the thorax was next examined, and this I 
^ected without disturlang the anterior portions of the ribs 
or breast bone, by simply detaching the diaphragm all round, 
and bringing it away. It was found that the pericardium, 
which adhered partially to the diaphragm, came away with 
it, and that a laceraticm had taken pl^:e at the same time in 
that sac. 

This drcumstance denoting that the heart was present, I 
introduced ray hand to remove it, when it was found sus- 
pended, in situ, by its large blood vessels, in a very con- 
tracted state, attached to the lungs by its natural connections 
with them. The latter organs adhered throughout their 
postarioT suife^ to the ribs, and were brought away alto- 
gether in as perfect a state as could be effected. 

All these various parts are accurately represented in Plate 
XXIIL %. 1, s.f 

The cavity examined was that of the crmium ; for 
this purpo^ it was sawed m two, horizontally, and when 

• Among the ^tachcd imiscles eiehiiHt& in Uie mott distinct maiinjer, there 
were the triceps femoris, the sartorias, portion of tl» vastus externus, and the 
prineipai abdomihal muscles. 

f the parts representdi in Plate XXII* and XXill, were <^ihtl^ dfter the 
meetmg, W the Fellows and Visits preseit, on throe successive Thursdl^. 
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ihus opei^d, it was ascertained that the hrain had l^n 
removed through the nostnls; the plates of the inner 
nasal bones having been destroy^ in the operation by the 
instrument employed, as evidenced by the state of those parts. 
It is a matter of no little surprise how, under circumstances 
of so much difficulty, the operators could have contrived to 
remove every vestige of the membranes investing the brain, 
one of which is known to adhere firmly in most subj^ts to 
the inner surface of the superior cranial bones. There can 
scarcely be a doubt but that some injection had been thrown 
into the cavity in question, to clear it out in ^ perfect a 
manner; for no instrument could have effected such a pur- 
pose. A black resinous substance, but in a small quantity, 
was found adhering to the inner surface of the occi{Mtal bone, 
which must have been thrown in quite hot, as it had pene- 
trated through, and burnt partially, the superior part of the 
lambdoidal suture through which the liquid escaped, so as to 
be now seen extravasated under the scalp. But how this 
liquid resin was thrown in, and for what purpose, it is not 
easy to conjecture. It could only have been made to pene- 
trate through the opening which had previously been made 
in the ethmoid bone, to extract the brain ; and if so, it is dif- 
ficult to conceive in what manner it was made to reach the 
spot it now ocxupi^ without havii^ adhered to any other 
intermediate portion of the cranium. It was remarked, at the 
time of opening the head, that its inner surface was studded 
with small crystals of what appeared to be an animal sub- 
stance, resembling steatine. 

The last observation I have to make on the structural 
condition of this mummy, refers to the state of the eyes, 
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whkh appek: not to have been disturbed ; and to the state of 
the mouth, which was as carefully examined as circumstances 
would admit, without destroying the contour and general 
appearance of &e face. The tongue is preserved, and neither 
above nor below it was there found any coin or piece of 
metal, as recorded of some of the mummies, but a lump of 
rags dipped in pitch. The teeth, as I before remarked, are 
perfectly white and intact ; nor did I observe that peculiar 
cylindrical form of the incisores which has been assumed by 
some naturalists, as one of the characters of the head in the 
Ethiopian race. 

In order to complete the present essay on Egyptian mum- 
mies, I must now trouble the Society with the farther details 
of my observations on the age of the female under our con- 
sideration, and on the disease of which I conceive her to have 
died, as deduced from the examination of the parts. When 
w^e reflect for a moment, that the individual in question, 
according to the more generally received opinion respecting 
the antiquity of mummies found in the hypogei of Thebes, 
had probably lived upwards of three thousand years ago,^ 
it will bespeak a very extraordinary power of preserva- 
tion in the mode of embalming then practised, in some cases 
at least, to be able to say, that the female of which we are 
speaking, died at an age between fifty and fifty-five years ; 
that she had borne children ; and that the disease which 
appears to have destroyed her was ovarian dropsy attended 
with structural derangement of the uterine system generally, 

* Consult Mons. Memoir on the antiquity of the hypogei at Thebes, 

Mons. Kot£e on the art of embalming, and the recent publications of Monsieur 
CnAfic?ox.xxo!t. 
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Hmt sucli are the I appeal to ^ state of the homes #f 
the IMimm, md the uterus mth its appendage, im igmd£. 

The first exhibit that peculiar of thinnmg in the cm- 

tre of their osseous plates which has noticed in womett 
by Prof^sor Chaossier and others, in the ooutm of a gieat 
number of observaticms, as an Indication of their having Ix^me 
childrm, and of their having passed the fortiefii year. Tins 
thinning of the bones, in the particular part just mentioned, 
has nev^ been observed mder forty years of age, and be- 
comes gradually greater until fifty-five, when it has reached 
its maximum, however longer the woman may continue to 
live. In my mummy it will be sem, on looking at the pel- 
vis, or at Plate XX* that the thinning of the iliac bo®^s 
seems to have reached its maximum ; and as there are no 
characters of decrepitude in the individual, it appears to 
me, that from fifty to fifty-five was about the number of years 
the individual had lived. The thinning of the bones in questim 
has not been observed in women who have not borne chil- 
dren, nor am I aware that it has been noticed in the male sex, 
except in the shoulder blades of porters, long used to carry 
heavy weights on their back. In affirmation of tliis 1 have to 
state, that in more than one pelvis in my collection^ with the 
history of which I am perfectly acquainted, I find the above 
law to hold good. The thinning of the central portions of 
the ilium in this mummy is so complete, that small frag- 
ments have come away in consequence of their being fre- 
quently touched by tbenupaerous persons who saw the f^lvis 
at my house, and were incredulous as to its real texture 
without toudiing it 

With regard to the disease, the effects of which I det^ed, 
MDcccxxv. R r 
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1 to state, in support of my assertiori, liiat the womB is 
of teg^ than it is known to have at Ae age in 

qtj^shon : that the ovarium and br<md lig^ent of the light 
i^de are ^veluped in a mass of diseased stnw^ure, while the 
Fahopian tube of the same side is perfectly sound and beau* 
tifuUy pre^rved ; and lastly, that the contracted i^rietes of 
what (to judge from the dimensions of the remains) must 
have been a large sac connected with the left ovarium, leave 
no room to doubt of the correctness of the opinicm I have 
ventured to express. This opinion, I have the satisfaction to 
add, has not been disputed by a single individual out of the 
many very competent judges to whom I submitted the parts, 
mnong whom I may mention the late Dr^ Baillie, and Mr. 
Wii-soN, Mr. Carpue, Mr. Brooks, and others. The whole 
of the uterine system, as now described, forming the most 
andent pathological preparation of its kind, is now in my 
possession, and will be exhibited to the Members after the 
meeting, and may be compared with its accurate delineation 
as given in Plate XXIL fig. i.* 

• Another mark, Uie prevlons existence of disease, I detected on the 

sodp, namdy, the renmns of that peculiar cutaneous adPection of the head, which 
has been denominated Porrigo decalvam, from its effect of destroying the hair as well 
as of preventing its growth. Was it for this, that the head of this mummy had 
be^ shaved, as 1 have already stated, so as to admit a readier application of 
j-onedies to the morbid part, as practised at the preset day t w was it forany other 
pardcuiar reason ? No mention is made, in any author, of females having their 
head shaved, though the cutting off of the hair in men is frecjuently alluded to. 
Again, widi what sort of instrum^it has the operation been executed? It certainly 
could not have been perfermed with scissors, however skilfully constructed, as fhe 
hak a>uld not have been cut so close, nor of such unxfetm length with them. If 
with any instrument approaching to our razors in structure, of uhat materkl was 
it made? These are hij^y curious inquiries, which naturally spring feom die ex- 
uminadon eff die condition of this muimny. 
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The next |MAits of mqiiiry to which I direct^ my 
were. First, to di^var^ if possible, the method by which 
this perfect specimaa of F^yptian mummies had been pie- 
served. ^condly, to escertsm how far thefeicriptiai givm 
by amcient writers of the art of anbatoiing amcmg the Egyp- 
tians, applied to the present specimai. And l^iy, to deter- 
mine the nature of the substances employed for the purpose. 

In pursuing this investigation, I Battled myself that the 
Royal &>ciety would (xaisider it as ^metiiing more thim a 
mere object of useless curiosity. 

In order to carry on my inquiry respecting the three pdnts 
above-mentioned with that predsion which alcme could lead 
to a satisfactory condusion, I proceeded to note down all the 
principal facts resulting from a close examination of the 
mummy, as detailed in this paper ; next to ask myself how 
those facts could he explained ; and lastly, if explained, whe- 
ther the facts themselves could be reproduced by following 
the method which the explanation might point out. I shall 
leave it to the Society to determine, whether I have bam 
successful in my attempt. 

The^st fact to be noticed, in regard to the preparation of 
the mummy, is the chestnut brown tint of all the bandages, 
denoting the presence of some colouring matter in them, 
the n^U3^ of which it was imjKutant to ascertain, in m'der to 
judge of the mtention of those who employed it. For this 
purpose I made a few experiments with portions of the ban- 
dages taken frmn different parts of the body, whm it was 
found that they had all h^n steeped in some vegetable solu- 
tion, which, when treated with gelatine, exluhhed the pre- 
sence of tannin in considerable qUamity, a circumstance far^ 
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thar by tfee taste tte MoW^ 

as f attide irf die bandages bad beett equally died witk 

this v^^ble soiudcmj «uid as k appeal^ evident, Ihjin other 
drcum^aiM^, ib^ sudt a ^ocesu had not been adopts for 
the sake of glvhig to the envelopes of the mummy die par- 
dcular colour in question, may we r«>t infer that the Egyp- 
tian embalmers were acquainted with the antiseptic pow^ 
of astringent and slightly hitter vegetable infudons, a power 
which modem discoveries have attributed to the presence of 
the peculiar principle already mentioned ? 

This inference is conirmed by the second fact to be ncticed, 
namely, the appearance and ccaididon erf the integuments, 
which, besides being of a dark brown colour, differ in no 
mspect from prepared leather, particularly tlwse of the abdo- 
men, tite thighs, and the mammse. The Society will have an 
oppmtunky of examining several portiems of these integu- 
ments, md will be struck with the similarity alluded to. 
Indeed they might be taken for prepared leather at first 
right, said the kiKiwl^ge which I obtained, by a second series 
of experiments, that a soluliem of some vegetable astringent, 
similar to that used for the bandages, but much stronger, had 
been employed to |u*oduce riiat appearance, must jnove con- 
dusive m this point. A question then will naturally ari^, 
was it the b^nk erf the m^acia, so plentiful in Egypt, that was 
employed for the purpose ; or did the Egyptims import oak 
bark from the coa^ erf Syria, wha:^ that tree grows in 
abundance ^ 

* It is not Improbable, that a imlike ktno, may bare been the $nb- 

stanoe useS for the purpose tanning the hitxgiiinent^, as 1 fotmdi, among the 

^^in coniained in the iMosn^ srrmi {nniioiis of a snbstan^* 
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Tl^ two preMfsaBary and €i^lous de^ed, 

neci^ wiA the art of the Egyf^tos, 

have never hem noticed before. N^&ar Ifeai^ofns, nar 
Diono&ns Sicmns, mention them^ and all the more modem 
writers are ailent onlhe snt^ect. 

The mxt factwc«thy is the appearmce of nnnute 

saline crystals, found in grea^ ahmidance in alnm^ every 
part of the external, but more partoilarly of die internal 
surface of the body. These, at fim, had escaped nodee ; but 
upon the various pordons of the dissect^ mommy being 
exposed to the open air, in me of the rooms cm die gromd 
floor in my house for some weeks, where a fire was kept, 
the appearance of the ssdiim particle l^canm strikingly 
visible. This saline efflorei^^^ I g^dy swept off the sur- 
face widi a new brush, and subjected to various final 3 rtical 
experiments, from which it results, that it conMsts of nitrate 
of potash, carhcaiate, sulphate, and muriate c>f soda/and traces 
of lime. Now, as as ncme of thei^ salts have ever Imen ob- 
served to form spontaneously, ddier within or upon the sur- 
face of pressed humm bodies, particularly where the con^ 
tact of external me has be€9i so stuchously excluded as in the 
present case, it follows, that in die prqiaratiott of mum- 
mies, the embalmers must have had recourse to the immersion 
of the body into a salme ^ludon of a mixed kind. Hjero- 
noTus, in^d, states diat tte body covered with natron 
fen* tibe spac^ of seventy days ; but it is more faol^ble, diat 
the water d the celebrated natron lakes, whkh iay^ so con- 
vmendy at hand, rendered mom active by previous evapo- 

of #liicli I to tie Society, and which gave to ^stiUed wald: a 

detf hfowtt cdoBr, whl^ii pte<^dtateis ohtahied hf golddae. 
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ration, was for the purpose. presents dT Mme may 
be accounted for sup^sing^that in a preliminary ofmm- 
don, the qutiole, which, as I before stated, could not be 
detected in any part of the body, except the head and the 
extremity of the toes, and has been found invariably wanting 
in all other mummies, was removed by means of that alka- 
line substance. This circumstance again goes far to show 
that the Egyptian embalmers were acquainted with an 
important fdiysiological truth, namely, that in order to pro- 
mote the absorpticMJ of liquid substances, particularly of the 
tanning liquor and saline solution, applied to the external 
surface of the body, the cuticle must first be removed. 

The presence of saline substances in mummies has been 
noticed by more than one modem writer, especially by Mons. 
Rover^ idready mentioned in the course of this essay j but 
tile conjecture as to the origin of the salts themselves, has not 
been hinted at before. 

A fourth fact, deserving of our attention, is the presoice of 
a resino-bituminous substance between some of the folds of 
the remaining portions of the peritoneal membrane. Chi col- 
lecting this substance, and instituting some experiments upon 
it, I ascertained that the bitumm was mixed with a greater 
proportion of wax, so as to have rendered the mixture per- 
fectly plastic. To have penetrated thus far, and to have 
lodged between closely adhering membraneous folds, this mix- 
ture must either have beeninject^ quite wann into the cavity 
of the abdomen, or the body itself must have been plunged 
into a vessel containing aliqudied mixture of wax mid bkum^, 
and there kept for some hours or days, over a gentle fire. 
The latter operation, not noifi^ by the older historians, has 
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indeed been surmi^ by some of the modem writers on the 
subject ; but m none of diem have I b^n able to find a cor- 
robomting proof of die correctness of such a surmise. The 
examination of my mummy has afforded me that proof, in 
the shape of a ^thfa£t^ namely, the thoroughly im^gna- 
ted state of the bones, membranes, and muscles, in every part 
of the body, by the same waxy and bitununous substant^. 
The inspecticai of the bones of the pelvis, of those of the 
thighs, and of the vertebrae, as well as of some of the mus- 
cles, and membranes, to be submitted to the &ciety, will 
shew this abundantly. Now such a condition of the parts 
could not have be^ produced, but by maceration or immer- 
sion, for a length of time, of the whole body, into a liquefied 
mixture of those two ingredients ; accordingly we must 
conclude that such a process was actually followed by the 
embalmers ; unless we feel disposed to believe that they in- 
jected the body through the blood-vessels ; an operation of 
which there is not die most distant evidence in the mummy 
before us. 

The adoption of my view on this point, is farther authorized 
by die sdt and pliant aindition of the capsular membranes, 
of the cellular texture, and above all, of the two coverings of 
the spinal marrow, than which nothing can be more beauti- 
ful or striking ; whether we admire their perfect preservation, 
or reflect <m tl^ number of centuries through which these 
delicate tissues have travelled. I have already noticed to the 
Sodety the flexibility of tte joints, a circumstance which is 
entirely due to the process here explained ; and now I have 
to add that this process is made out beyond contradiction, 
by my having been able to separate the wax by means of 
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aiid ebulMcm, from the s^ft piuiicttlarly 
^e mu£^^ the dngutoly dMhict fibres of wWeh, beao~ 
fifully anaoged and displayed, the Sodety will not omit 
r^rmrklng. 

In exaimwg the dissected paits the mummy, which I 
have carefully displayed for public inspection after the meet- 
ing, the Members will not fail being struck with the differ- 
ence that exists between the two nates detached from the 
body. The one has been left in the state in which it was 
handed down to us by the Egyptian embalmers, dark, tanned, 
contracted, and impregnated with the mummifying ingre- 
dients ; the other, on the contrary, has been de|a*iv€d, in 
toto, by my process, of those ingredients, (the principal of 
which is bees wax, as will he seen from the quantity which 
I collected) ; so as to appear like the same part in a recent 
subject, spft, elastic, of a yellowish white, with the cutaneous 
pores very distinct, and with its muscles, adipose substance, 
and blood vessels pmfectly striking. 

The sixth, and last fact to be noticed, is the presence of 
several moderately siz:ed lumps of an earthy matter, mixed 
with pieces of resin, found loc^se in the cavity of the abdomen. 
That these were thrown into that cavity for the double pur- 
pose of fillmg up the space left in it by the abstractkai of some 
of the viscera, and of adding, at the same time, to the anti- 
septic power of thB process employed in embalming, are 
conjectures that will perhaps be readily admitted. The ex- 
periments made to ascertain the nature of the eartiiy substance 
m question,^ fend to prove the latter part of tiiese conjectural 
prQ|K?$itions. It was found to consist of the same saline com- 
pounds, noticed on the suifrice of the mummy, mixed with 
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Ergiik<^0us ^arthi Now, if the embstlmeiis naed fJie water 
frtMii Ae RatHHi lakes, as 1 have kid down good gronads for 
hdievmg, nothing is more probable, than that they also 
made use of the earthy sediment of that water which c<m- 
tains the salt in question, and whldi could he procured in 
abundance id the maigin of those lakes, where it has been 
observed by the naturalists who accompanied the French ex- 
pedition into Egypt. 

As to the nature of the resin and bitumen used as Ingre- 
dteuts in the anbaindng process, it is a question of com- 
paratively little interest. Nor does it matter much, whether 
aromatic vegetable substances weie employed or not. In 
the mummy before us, two or three small pieces of myrrh 
in a loose state were found, and evidence is not wanting of 
both resin and bitumen, though not in their purest form, 
having been had recourse to. But their presence seems by no 
means necessary for the completion of that admirable method 
of embalming, devised and followed by the ancient Egyp- 
tians, which my inquiries have been directed to ascertain,^ 
and which may be summed up in a few words by saying : 
that it a?nsisted in impregnating the body with bees wax. 

The various circumstances detailed in this essay furnish us 
with sufficimt reasons for believing, that in the most per- 
fect, and, I would otll them, the prmitwe spedmens of the 
art of embalming, the progressive stages of the Egyptian 
metk^ must Imve been as follows : 

A. Irnm^ktely after death the body was committed to 
the care of the embalmers, when, in the m^ority of cases, the 
viscera the abdomen, dth^wholly, or partially, were forth- 
with rtmov^; in some through an indsion on one 

HDCCCXXV. S s 
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of aMoiaen, aif stated by Herodotos, md as proTod 
by some mtiinmies exandtied ; and in others tbrcmgh 
the anus, in which latter case, the extremity of the rectum 
was prevkaisly disengaged from its attachments all rc^nd by 
the fcnife, and the intestkies imperfectly extracted. The 
cavity of the thorax in the nmst perfect specimens was not 
disturbed. 

B. Tte h^d was emptied, in all instances, of its contents, 
dthmr through the nostrils, by breaking through the supe- 
rim* nasal bones, as in the Inst^ce under our consideration, 
as wefl as m that of die head from Tripoli, already mentioned, 
or through one of the orbits, the eyes being previously taken 
out, and artificial ones substituted in their place, after the 
<^m*adoB, as in the instances of the mummies examined by 
Sir E. Home and Mr. Brooie. The cavity of the cranium was 
repeatedly washed out by injectimis with some fluid, which 
had the power of not only bringing away every vestige of 
the substance of the brain, but even of the enveloping mem- 
branes of it. Yet the liquid a>uld not have been of a corro- 
sive nature, else the tentorium, or that membranous floc^ 
which suppmts the brain must have disappeared with the 
meninges ; whereas it is still In existence, and does not appear 
to have been in the least injured. A small quantity of hot 
liquid rosin was then injected into the cranium. 

C. The n^t step taken in the embalming process, was to 
cover the body with quick lime for a few hours, and after to 
rub the surface etf it with a blunt knife, or some such instm- 
ment as would most effectually assist in removing the cuticle. 
The scaJp» however, does not appear to have been fouched ; 
md cate was taken dso not to ex|Kise die r<Kit of tlm nails 
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m tlte of alkaji, jus it was thi|: 

should remam in all cases. Ib mummy I hme deamilied, 
this kis hmi so much to by the embalmers^ 

that the ina8 <€ tfe principal toe of the i%ht foot havMg 
ten detached 5 it was lepkte and retakied In its podhon by 
ihtee or four turns of thr^d passed around it ; and in this 
state it must have csontinued for the last thirty <^turl^ 

D. Tte operadmi of removing tte cuticle b^g accmh- 
plisimd, dm body was immersed into a cajmrfdus vessd, con- 
taining a liquefied .mixture of wax and redin, the former 
predothmating j and some sort of bituminous substance bemg 
added, not however essential to the |nt>cess. In diis situation 
the body was suffered to remain a certjun munber of days 
over a gende fire, widi the avowed intentfon cC allowbg the 
liquefied mixture to penetrate the innem^st and minutest 
stnubOire; nor can there eiast any doubt, but that mi this 
part of the embalming process depended not only its great 
preservadve power, but also its various d^ees of p^fe^lmi. 
Thus, when the process was properly matured and watched, 
muimni^, such as the one und^ considera^n, would be 
produced ; whereas when neglected or sloventy conducted, 
the mummy resulting from it, would present those appear- 
ances cf diyness, blackness, and brittleness, together with the 
carbonification of the muscles and intimate adher^ce of the 
int^umai^ to the hemes, wMch have hem notice by Dr. 
Madi^v, Fixrfessor GMBtm, BtUMENSACH, Huhter, Jh*. 
BAims, Mr. Brooie, Jomako and odi^s, when they examined 
imperfoct or M^or mummies. The fiaudul^t Subtraction 
dT die dyiottM qmndty of wax required for dm fdimipal and 
im^rtant part of dm embalming p'oeess we are now 
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slitemg, or the mglectli^ to regukte the ire In iiaing 
Wax bittimen^ would neces^ly give rise to die latter 
results, which the covering bandies were suie to hide from 
the eye of the s^iirviving relatives to wk>m the body was to 
be returned. It is also fair to presume, that inability or un- 
willingness .<m the ^rt of friends and relatives to pay for 
the ingredients or for the labour necessary to carry on the 
operations just described, have, on many oa^asions, been the 
caui^ of mummies being prepared in that imperfect manner 
which has been noticed in so many instances. 

E. When the body was taken out of the warm liquid mix- 
ture, every pait of it must have been in a very sc^ and sup- 
ple condition, wholly unsusceptible of putrefaction. The 
next steps therefore to be taken, with a view to convert it 
into a perfect mummy, must have beeii those, which, had 
they been ^ken before that part of the proc^ that has been 
just described, would have exposed the body to inevitable 
putrefaction, in a climate like that d* Egypt. I allude to the 
tanning of the int^uments, and the exposing of their sur- 
face to tli^ additional influence of those salts, the pres^ce of 
which, as well as that of tannin, I have most clearly de- 
mon^rated. 

Whether an infusion of the vegetable astringent anployed 
for tanmng the toegum^ts was had recourse to in the 
first in^nce,and the immer^OT of the body imo the con- 
centrated water of the natr^ lakes follow^, or whether the 
toming liquid was itself made by infusing vegetable a^ 
tringents tfaemsdves in the water of the natron lakes, and the 
body th^ immersed into it^ are ^ue^ons, winch it is neither 
possible, nor important to dmde ; the body was unquesticm- 
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Ebly stil>mitted to tite operj^ort of both those inesto, bttt in 
what otdter, it is diflkult to ascertain ; and when Ae 
balmers j«%ed by Ae ccHididon of the integuments, Aat 
they were sufBdentiy imiaregn^ed with the active prindples 
empioyed, Ae body was allowed to dry for a few hours, 
and then the bandages previously prepared with a elution 
of tamin aish, as proved by my experim^ts, were applied 
to the dlfier^t parts, beginning wiA each separate limb. 

While the operadon of bandaging took place, the mummy 
must have been in a vary supple state, else th^ numerous 
deep longitudinai wrinkles observed in all Aose parts where 
the integuments are generally looser, as in the upper part of 
the thighs and arms, as well as over the abdomen, and at 
the breasts j mnld not have existed. These wnnkles, so well 
marked in Plate XIX. must Imve been produced by Ae ban- 
dages at the time of their application. 

It appears also, that wiA a view of rendering the bandages 
more supple in particular places, where such a condition was 
required, and of obviating the inconvenience of slacfeiess in 
some of the turns, they were daubed over in a few places 
with two difier^t substances, the one cmisisting of wax and 
resin, the other of resin alone, both applied warm ; so that, 
while Ae first served to give pdiancy to some of Ae linen 
employed, the second caused the sladk and loose edges of the 
bandages to adhere together, fey which prcKiess the whole 
was readered cxanpact and firm, without produdnghardness. 

The lumps cf myrrh, resui, and bituminous earthy noticed 
m t\m abdtmien, were pushed up through the mlarged aper- 
ture of Ae anus, imm^iateiy before Ae application of the 
teindages, for Ae purpo^s ali^bdy deeded. 
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TJfe of 

fi^ t&B tt^tiesti[<ma!ile facts coHedted in the cotirse of my 
loqfiiiiy^ to have b&m file best, and, in my offettm, rtie pti* 
mifiire mode of pr^aring mmnmies by file ^datit E^p- 
iMfeihs from that found in HEaoooTus, as well as itom 
thoii® atm\Ms whidi we mstd in other writers who came 
after him; It does not bowev^ appear that the eminent 
historian just menfion^ had ever been pre^i^t at the em- 
balming of a mummy, or that he ever had an oppentunity 
of esKrnnining one of tkmi. He must, therefore, like many 
C3ther travellers, have noted itown what he had collected 
from hearsay, in which, amidst murfi fitat was surmised, 
ttere was something approaching to the truth. It is in 
evidence that the art was kept a profotmd mystery among 
those who pr^^essed it, m that the different modes of em- 
balming descnbed with sudi orderly minutmess of details 
by HERODcrrus, ccmid only have been ccmjecturai. It is a 
cuiimis fact, fiiat, with the exception d* the lateml incision, 
and iijmm*sion into a ^hne scdufion mention^ by that histo- 
rian, we find no otmfirmatory evidence of the other stops of 
the supposed processes of embalming derailed by him In any 
of the various mummies that have hitherto b^n examined. 
And in file one now submitted to the inspection of the 
dety, by far the mc^ perfect that has yet been pibiidy 
described, we have mme Of the chamcterisfic Inures of the 
three seveial modes c^e^ihataah^g which we are told were fol- 
lowed by aiK^nt Egyptians; while, m the orfier h^d, 
some oi the lesser ^ mdi process are irtiikingly 

appardit. We have, In fad:, the presence of fiid which 
Herodotus asserted was invariably removed m the better 



M^pUm mumme$* sis 

pmpared and mme ^ Aose are on 

the ot^ hand, which he ls> have been hmiWi 

in the hulmor class of tk)i^ slogaiir pteparations. Thci^ 
fai^s will he duly valn^ by tiiie scholar, and tte ccanmen^- 
tators of dial hhtorian ; and the expianatian now given of 
the real mode mummifyii^, will aiabie the lexicographer 
to advance tdth ocmfidence, that die name mummy was given 
to such j^paradoas fe>in the drcumstance of (mumrin 

the Cofdi^ kngtiage), being the ready j^eservative ingie- 
^nt emplcyed in their preparatkoi. 

I have had c^casion in the course of this paper to observe, 
that as by carefully taking into ojBsideration the various 
facts which presented themsdves durii^ die examinatim of 
our mummy, it was natural tx> suppose, that the mc^e in 
which it had been prepared would be discovered 5 so would 
that discovery be confirmed if, by acting m those facts, some- 
thing resembling a mummy could be produced ; and in the 
specimens which will be submitted to tte members after the 
meetings the difterent steps will be seen, by which I was led 
to what may be considered as an imitadcm of the Egyptim 
mummies,* 


^ Th&pe wer© eid^bited ato Uie meeting four different sp^mtms of uniuUve 
mummies, each of iliustrative of one or two of tibe successive stoges of the 
process of mbalmhig detadled in Uits essays; the last being intended to illustrate all 
the stages togetlter» md exMlntmg a dose resembhcnce to the Egyptian mummy 
itsdf* A bte'n ^d had been etepi<^d for the puipose^ ^d this mo^m 
munmay hji» mm bmi in edstehce upwards of three years, without bsouh^ or 
covering pi any kmd, essposed to all sorts of tmapwature and rough uss^ without 
b^^ylag tbe slli^st wssi^ of de^ or putrd^ct^. It is mther darker than 
tite Egyp^in muu^y fcc^ the circumstance of a to& coi^entmted solution of 
tanmn living bem onpioycd m preparing. It. 
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Dr, Granville's essay on 

I purposely omit speaking of the various modes of em- 
balming adopted by different nations, or of those which may 
have prevailed at different epochs in Egypt ; although in the 
course of my investigation I collected ample materials for 
entering into such a subject. The art of emlmlming, with a 
view to the preservation of the human body, for an indefinite 
series of years, as strictly illustrated by the mummies of 
ancient Egypt, does not appear to have been practised with 
success by any other nation. We find no remains of such 
high antiquity in any other part of the world ; and the mum- 
mies of Mexico, those of the Atlantic islanders, the dried 
bodies found in the catacombs of some of the states bor- 
dering on the Mediterranean, are but of yesterday, compared 
to the age of the mummy which I have had the honour of 
bringing under the notice of the Society. Indeed the art 
soon began to decline among the Egyptians themselves, and 
the mummies found in the hypogei which bear evidence of 
having been more recently erected, as well as those of the 
plain of Saqquarah, are, in every respect, inferior to the primi- 
tive mummies. Whether this arose from the growing igno- 
rance of the real process, the directions respecting which 
could only have been handed down traditionally ; or from 
carelessness in the operation ; or from indifference on the 
part of the people toward such an object ; or from all these 
causes united, it is not easy now to determine. Certain it is, 
that the genuine process of embalming, among the Egyptians 
under the dynasty of the Pharaohs described in this paper, 
appears to have been progressively disregarded, and forgot- 
ten among them, until at last it was lost altogether. Nor 
does it appear ever to have been knowm by other nations, 



Egy^ummunmies. s\s 

fa to ai^prmato properly tlie durabilty of the 

hodieiS parepated hy tiie Egyptian process, it is esmntM to 
ohserVe, that the momniy I have dascnbed with so mi»ch 
mtnutaaess, after haying resisted putrefaction for above three 
thousand years, coveted by b^dages, inclosed in a tMck 
wooden ca^, and plai^ in recesses, far from the external 
infiu^ce of atmosphmc vicissitudes, has since wiftistood the 
inclemency and vadafens of an English climate, without any 
of those protecting d^aimstances ; nay, exposed purposely, 
but ineffectusdly, j&ar years, to the various causes that 
are known to favour putrefaction.* 

The deep feelings Of interest that have of late b^n excited 
respecting the Egyptians, have induced me to extend my 
present inquiry to a greater length, than I should have done 
under less inviting circumstances. It was impossible not to 
feel extremely interestedin the subject ; and when I beheld 
before me the heart of an Egyptian female, whom imagina- 
tion, aided by historical records, may fancy to have been 
cotemporary with the great Sesostris, I could not help ex- 
peri^tidng a degree of enthusiasm, a portion of which, me- 
thought, I could impart to others. 

I re€X)Iiect with pleasure the sensaticm which the demon- 

* A siftgakr edstmt Uiis, with what has since happened to one. of the nates 
alluded to m A pf erldus ndtf * Being dirested of the protecting and embalming 
ingrecaent^ bf' the pit>ce$s I theile alluded to> this part has partially run into putre- 
lacHtm, ^ peculiar sueB ^ animal substances, placed under similar cir- 

cumstances. Hay* in the ca^ ofdn^ of the large muscles of the thigh, and a large 
poit&ni of the integument, which I similarly deprived of their protecting ingredi- 
ents, has 1»enUie rs^ldity with which putrefiac^a has followed, that although 

those emitted the most iasufferable smelh 
and ^ par^ ihemsdivea wore foiVid salted with myiiads cd'large maggots. 

Mncccxxv. Tt 
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strati oC ^ various parts of this at the iiim it 

was fiiat opaaed, excited amongst upwar^i^tehuEidfed'i^ 
ofitifie and Bterao^y characters, who in of week* 

hcaicHired me ^th their pres^ce at ipj liaatse to vteess the 
^ssectioit, and by whom I was encoun^ed to Mk>w up ths 
investigation, and to communicate the result to the pubhcr. 
It is in obedience to their suggestion, and metre especkdly to 
the recommendatiem of the President of the Hc^al Sod^y, 
that I have taken a comprehensive view of the whole subj«:t, 
instead of Hmidng myself to the dry descartptkm of a solitary 
specimen. 
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Xf¥. On the tmpemj mc^n^ effmt imheed in irm bodies by 
romirn, in a JUetterto J. F. W. HERsciEEt, ]^q. See, R. S, 
by Peter Bari^w, F. R, S, C&mmmceded April t^th, iS«5. 

Re^d May 5, 1825. 

JDear Sm, 

It Is nKjre than two years since^ m a eonversataon I \md with 
ymi ©n sulgects ocRU^ted with ma^etism, you enquired 
wimt I thought nd^t r^ult from giving to aniKai 
hail a rapid mMkm f Hie however dropped, and it 

did not occinr to tigain, iM hi s^e speaila^ve views in 
wWch X was Is^ty ^gaged, as to ihe eatise iA ^ lola^n 
df die eaith% tm^;ii0de poles, thf appamit irregularity of the 
tractive f&w&ts, &©. I was led to consid^ that, 
iwrobably, lotalion M^ht have a captain influaioe. We know 
iron w tiaid®Fed magnedc hy various pro<^sses, as diil- 
ling, hmndt^mg, &e* mi it was possible also by roudon ; 
yoiur if^ry now omirred to my mhid ; and knowh^ at 
same dme that Mr. C^^iE had foimd a peimanaat d^ge 
in tie maghidic s^te af m ircHi plate by a mere change oi 
OB hs It li^asied highly prolmble this change, 
tide to a simple would be il^!e^^d ^ a 

fapf fc flik respo^, however, I w^ decdved ; 

the that was prodiic^ 
was i^i^y and any pfamiaiinl^^^mige did 

'%sl^ place,' 'it too'^^fi m my c^-^it!E#-shdi''m be 
Ifi^^ed empe- 



sis Mn m ^ 

1i0W^er tiius wg^ to the ixiqiiii^, as weH by my 
om% Vfei^ by your qoory, and eno^iaiug^ by 

Mr. GimtOTfi^ residbi ! to put the idea to the test 

e^rp^feiealt, Juid feo attempt it at once v^m a s<mle that 
sfeuid dmde the qtiei^hm in the first instance 
^s soon as I had determined ujkjh the experiment, I found 
an excellent opportunity of making the first trial, through 
the kindness of Generals Cuppage and Millar* of the Hoy a! 
Artillery, who gave me permission to have a 13 inch mortar 
shell fixed to the mandrel of one of the |K>werful turning 
lathes worked by the steam en^ne in die Royal Arsenal. 
This having been done, and the mmpass properly placed near 
the shell, I turned the shell slowly round, in order to ascertain 
whether in this case, as in Mr. Christie's, there were any 
effect depending cm a change of position ; but if there were 
any, it was so smalltn the ciast iron shell as not to have been 
rendered sensible With the small compass I employed. The 
wheel being now put in geer, the shell commenced its revo- 
lutions at the rate of 640 per minum, and the needle was 
deflect^ out several degr^s, at which it remained perfectly 
^twmary while the ball was in motion ; but it returned imme- 
lately to its origmal bearing as soon as the motion ceased. 

I now inverted the mcdon of the shell, and the needle was 
deflected about the same quantity the contrary way, chserv- 
ing a similar steady direction as in the fmrm^ case ; but as 
before, it returned to its otigmal bearing the mommt 
motion was discontinued. 

These experiments were repejUed sevreml times hdkam 
^e^fic ofiicers of tte and ^gineers, always 

with the mxm results. . 
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induced in iron bodies by rotation, 

I afterwards found, that the needle being placed in diffe- 
rent situations, its motion was reversed, although the direo- 
tbn of motion in the shell was the same ; the amount of the 
whole deflection also differed very considerably acxording 
to the situation of the compass, its direcifion in some cases 
having been wholly reversed, while in others no perceptible 
motion was produced, although the rotation of the shell 
remained the same both in direction and in speed. 

I was therefore desirous of undertaking a regular set of 
experiments, in order to reduce the several apparently ano- 
malous results to some certain law of action ; and as the 
shell in question was rather too heavy for us to feel a perfect 
security, as to personal safety, when it was in rapid rotation, 
and moreover, as its effects were larger than seemed neces- 
sary for the purpose, I now selected a Shrapnel shell of 
8 inches in diameter, which weighed only so lbs. and chose 
another lathe, w^hose axis w^as nearly north and south, that 
in the former instance having been east and west. I had 
also a table made wdth a circular hole in it, which I could 
place at any height above, below, or about the centre of the 
ball ; I could also set my compass on any azimuth on the 
same, and observe the effects of the direct and reversed mo- 
tion ; but after several days observations, I found the results 
so complicated, and the needle so much influenced by the 
iron work of the lathe and other machinery, that it would be 
useless to proceed, unless I could contrive to produpe the 
rotation out of the way of any disturbing cause of the kind 
above mentioned. 

This al^, through the kindness of Colonel Sir Alexander 
PrciCsoN, and the officers above named, I was enabled to 
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; i 51 ^ TOW €mpJoyeii is shown in the 

'Flafe:XKlV. 

A B CD Is a stnong WTOfei firroe, i^sembling that of a 
ixmchm&^ the ^11 S bebig^ bung in ^e 
WTO M tie cylinder; ilm axis is maite m two ^rts 

oigm m^h md very strong; s^are two strong screw bolts 
md nuts, which were umd for fixing the fiamefimiiy to the 
of bolt passing from feelow. EOF 

is a sub^tantkl table w^h its feet sunk into the gnMUid, and 
the dF ^ ft>cm cut away where they passM throijgh, 
to otder to farevent any eito dt shakmg on the stand carry^ 


The stand oonsiTOd df an upigkt pedestal filled whh sand, 
to *6 stoady , and to this was fixdl ^ table ML, wkh 

a^^icTOular tok^^ in it^ so that it might he fdiu^ed iiear 
#ie sheE TMa tshk m^ht he dev^d or 4epres^ at plea- 
mre^md k vmsdivided into the fomts^ ijiuuter potos, 

By -iroaila dP different hiles bc^ed m ti^ top of the toble, 
Ae inirfnnc^ might ha ^larod M and S* E and Sta at 
j^easure, ai^ thematic sbell be mtr^rted by tumhig 
db^ l^tndle tothe Tte large wheel s six finm 

the diameter dT the small am ; and as it might easily he TOTOd 
twke m a the ntrotefe ^ trf Ae shell 

w^.^iatualy Aokt ^ao f&r mwm. *1^ IMfe a^^ii^s 



' sfidte^* 

rying a o^itoion lamp glass. In whbix a vary smalS#|^i^ 
i^^ie ^as sut^^d by Mk i tbb laelp g&ss 

irtl c^tit <€ the ting- ^ hM&r for ^timg tJte kai^ 

z 4 mtai nn^ so^ as to bring It over aWy roqifral point 

of tk Miell. It iSioiiM be observe# timt tlie poiest^ ws^ 
movesMe, ami migbt riierrfi^ be pi^# on efehar i^^ eC 
the machine; The stin# mi ifrigk figare a, is om of two 
Mrge ttiagnets uWtnately employe# for neo^i^g Ibe 
needle. 

The ihacWne being thus ptejf^ed, I screwed it down ; 
first with its axis in the magn^c meridian, and rim placed 
the compass successively at the several points m tlie taMe 
all round, and registered the deiHaticm produced at each, 
with the motion of the shell direct and revered. Itl^ 
removed ft, and placed the axis east arid West, and s^dri 
registered in the same manner; but the results were very 
irregular with respect to quaririty. Although I obtrined ^me 
irinformity regarihig Section mly^ viz. in both cases I 
forir p^s of charge at abwt so^frota each extremity of the 
ails, or feur points of riott acriori. For Sample, When the 
a^fs was In rile ir^riiSan from N sc^ £ to N 30^ W, the mc^iori 
of the needle arising from the rotation was made to the right. 
From N W toS Win Ae 1 ^; FromS 50® W to S S<f E 
fo the ri^bt. From S so®E to N so®E to the left ; the 
ticuf of motkat in the sSelt bemg the same ; with tte da?cfe* 
tkm of revfeed, rire' deviarioa was also. 

While at riies^ four points th^»elves, the liOCNfle had no 
molkm; # tried afeo'a vteety ^ otte but I could 

^tairi" no such rteuK fo lead to a o^ci^ eipiessiOn ^ 



^ I rfiaS ncA timWe 

ft at Imgtii oc^ti^ that thfe mmm t>{ my 

mm uuder whidi tte peeft^ 

tjf the htm ball and of the e^h ; I ttere- 
fojpe i^iw n^tl^zed it from the effect of hodi, by means of 
m^^fcs properly dis|)osed, adjusting it always before tte 
relation to a direc^n tangential to the ball, so that what- 
ever ^^ct was produced at ^teh point, might at least become 
decide as to its directicsi. I now immediately arrived at that 
kind of genaral law I had been in search of ; fer I foimd 
wh^ things were thus arranged, that whatever might be 
the direction of the axis of rotation, if the motkm of the bail 
made towards the ne^le, the north end of the latter 
mm attrai^d ; and if fvom the needle, the north end was 
repdled by the iron, the points immediately in the axis 
( wh^ trf course the motion of the shdl was paralM to the 
j^dle) being neutral, -or those at which the change of 
^recrion took place ; in other words, if the motion of the 
4^11 cpi^ue the same, and the compass be su<xj^sively 
plao^ all round the ball, in diat semi-circle (from one axis 
to pher) in which the motipn is towards the needle, the 
north end approaches the ball, and in the other ^paicircle it 
msedws, cr the south end approaches ; the points of non 
adkm b^ing In the two extremiti^ of the axis, and ^ose of 
maximum effect in two opposite potos at right angles to the 
ajjs ; in which two latter the n?^le, when pro|erIy neutra- 
tialiaed, points directly to the ea^lpe of the ball, ^ 

'I'liis will be perhap better understood by , reference to 
S is the sh^, ^ bits axk, ^d ns^ n$^ the 



k^0s ^ 

m to various p^tioiis prior to the aj^ /, 

n*/, ^c. to difedaoa af resulting Irom the moltoii? the 
rotaton of the shell being from c towards d.,td com^ TOth 
the rotation reversed, the ef^ will he reversed also. 

Now this etoct you wiE, I thhik, find to to perfeody con- 
sistent with the view you have taken of the subject, in your 
lettar of Jan. 13th, where you say in reference to your fc^r- 
mer query, and to the views I then entertained, I should 
rather have expected a diminution of the magnetic polari^, 
commensurate to the rapidity of rotation and a change in tto 
direction of the magnetic axis of the globe, from paraUdtoi 
to that of the earth, to a position somewhere intermediate 
between that and the axis of rotation, hut approaching nesurer 
the latter as the velocity increased, 

The fact is, that the needle in my experiments being under 
no influence prior to the rotation from either the ircm car the 
earth, the direction which it takes up in consequence cd* die 
motion, enables us to discover the praise directkai of the 
new forces thus impressed upon the sheU, and it wiE to 
seen immediately to indicate a polarization of the latter in the 
direction cd; that is, In a direction perpendicular to tto axis 
of motion, and to the plane passing through that axis and the 
actual poles of the bdl. 

You will of course understand that I do not mean that 
moh a polarization actuaEy takes plac^ ; I me^ merely that 
the a>tosive power^ of tto ircm is mch, as to mist in a cer- 
d^r^ the inductive po^’ers of the earth, whereby the 
magnetic fmrm are dhanged, as you have suggested, frcma 
ttoir dhecticm, parallel to the malefic axis 

the ball into a pssitkm oblique to it, wMch oblique form 
MDCCCXXV. U u ^ 



Si^i Mr, ^ ^ effkt 

tW0^ the <jm pamM 
pe§r|Jmdi<aife to^it, and the foniier hehi^ 
hy umd for fo^pos^ 

in the firs^ the f^rpendieukr forces will act Opon 

the ne^e % tfe siitiae maimer , as if the itoli mily 
pdhirizeil in Ae dir^^on above aUnded to* 

Ilatdng got this view rtf' the subject, I soon found th^ 
rhmy ^f my former results, which api^red to have scarcely 
aiy omfonnity among themselves, were perfectly consist- 
ent this hypothesis: these Ae expenments giv^ 

almve, hefmre the needle was neutralized, may be menti<med. 
In these I found Ae point of dhange to he at about so"" on 
eadi side of Ae axis, so that the arcs in which similar e^cts 
were produced were divided into the imequal porti<ms of 6o®, 
iscf, 6o^ and i®o®, which af^ared to be anomalous; but 
accoiding m the view how taken of Ae subject, this Is per- 
fectly consistent ; It is preci^ly what ought to happen ac- 
c^tAng to the law tan. dip^ = s tan. mag. lat. and which 
adM^ly takes place on the earth. That is in passing from 
themagnedc equamr 30® towards Ae pole, the dipping needle 
has actually desadbed a quadrant, as referred to its position 
at Ae equator ; and it would describe a quadrant, in an op|m- 
iAe dhecdcm in going 30® towards the oAer pole ; so that in 
iksmng Arough 60*' the needle 'is actually inverted ; but if 
we start from mag. lat. 30° through the pole, we must pass 
tinough an arc of leo® before the direcdcm of the needle is 
inverted, and Ae same in the other half of Ae mendian ; and 
in Bke manner by referring Ae nmdoh of my needle as in- 
du«^ by the rotati<m of the shell to its cri^nai ma|^e& 
dlrecdon, 1 t is obvious that' I have found, as I ^mxMf 
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0 t $ 0 ^ 4 »sfitti€e m mch Mt of tte meridiao palwg 
tte mm ; whleb as^rWiaiii as respaM tfaa biilti£^ power,is 
actually thoaqmta^.c^ th^ imgm^G 

T0 rmi^ tWa osore obiricms , let us i^fer m ig. ^ M 
whidb AB re^resants the axis of lota^cai of the s^B^the 
black liaes the ueedie la lbs mtwml md tbe 4 otl^ 

liaes the dit^hoa the needle h^s a tendency to mmnm ac- 
ceding to the law sd^oire named. In am^spmwe of the mag- 
netism impi^sed by the rotation in the line a s. Be^bnii^ 
at the pdnt A, if we say the motion is from left to rigl)^ 
that is from a to n\ it will he from right to left at 60% 75% 
90®^ dea till we arrive again at 30*; at this pokit as at the 
former the new powm* is exerted in the actual direction of 
the needle, and if it were groiter than its natural dhective 
pow^, it would wholly Inveit it ? in this case it would pass te 
dthm* hand ; but as the new pcwer cannot invert k, it has no 
^dency to deflect it, and it thereftue remains statkmary. 
Thus one of the remits which was at first the most pmpk^- 
ing,^rves to confirm the law we have estab^hed. 

^ sintilar principles, if we connive a circle jMssii^ vmr- 
tiodly frcmi 90® to 90®^ and if the ti^edle be perlei^y neu- 
trafix^ at dlh^nt positbr^ m this drde, and 
^rallel M the axis at each, then m evmy the needle 
will teve a temlen^^ to take up a |x>i^0n rfirectly at i%ht 
angh^ to tlm axis jrf the ^ell, and it will |«^t In oppo^ 
at c^r^iu parts cd' this drcle: thiis, :if b»fix die 
idea weos^^ve riie aids to he m die merlitoi, a^ d^ mc^on 
#f tl^ sMI fipri w ^ disr^st pcint of tN 

'•Im^ti 'the' audit- wM 
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■'i^i'^’|»#-wliich i 0 re-'-teo^s^-l 3 O .exiiti- r'. 

ci^ib -Mr;'Bf0#iiitd' '<fce"'law 'M 

litV aipei^ ol^erf^if^Ei m ^^^9 1 ^ t^ 

S‘' in 

«dn^r, tt w^s^ 4lstni^ 

li^ c^iii® Ittrf ito of k ism 

to fto Fd^oti of tile eail^ i», f®06^ing 

fe^tsVve^ dkwlkfyl ; lak tl^ mmp dme I 

aBo«^ to Gl>®^ei tto of tte c^ilNI^ foi* 
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Ik two papers read before the Royal Society, I have de- 
sciihed the e£^cts of small qpantiti^ of electro-positive m^Is 
in preventing the corrosbn or chemical changes of copper 
exposed to sea W 2 d^, and I have stated that the results 
appear to be of the same kind, whether the experiinents are 
made upon a minute scale, and in ccmfined portkms of 
water, or op large masses, and in th& oc&m, 

Tte fest and preliminary ^periments proved, that the 
cx>pper sheedng of ships might be preserved by this method ; 
but another and a no less impc>itait c|rcumst^ce was to be 
attended how fsn* the d^ness crf^ihe bottom, or its free^ 
dom from the adhesion of w^s or shell fish, would be 
mfluen^d by tds pi^servatlon. 

irtie use of die copper shouhing on the bottom <jf ships is 
two fold: First, to ^tect the wood from destruction by 
worms : 

And sc^xmdly, to pnevmtthe adhesion of weeds, barnacles, 
and oth^ shell fish* No worms can penelrate the wood as 
long as the surfac5e dF (he copper remaii^ p^fect ; but when 
has hem applied to dte bottom of a ship for a ^^n 
time, a gr^n ojafing or rust, consisting of oxide, sdbmudate 
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and i^ribcaiate d ac^iper atid i^tbcaiale of magn^da icmms 
upm it, to w^k and isiieli adhere. 

As long m the whcde surface of the a>pper dianges of 
corrodes, no such adhesions can occur ; but when this gr^i 
mm^ bm imriallj fmned^ the cofipor below k {iroteet^ by ir, 
and th^ Is an imequ^ sctkm prefaced, the electiioal of 

the oxide, submumte, and carbonate of copper formed, be- 
ing to produce a more rapd corroskm of the parts still exposed 
to water; so that the sheets are often found perforated 
with holes in rnie part, after being used live or six years, and 
a>m|siradvely souz^ in otha* parts. 

There is nothing in the poisonous nature of the metal 
which prevents these adhesions. It is solution by which 
they sxt prevented — the wear of surface. Weeds and shell fish 
readily adhere to the poisemous salts of lead which form 
upon the lead protecting the fore part of the keel; and 
to the ojpper, in any chemical combination in which it is 
insoluble. 

In general in ship* in the navy the first effect of the adhe- 
sion of weeds is perckved upon the heads of the mixed metal 
nails, which consist of copper alloyed by a small quantity of 
tin. The oxides of tin and copper which form upcm the 
head <d* the nail and iti the space round it, defend the metal 
from the actirni of sea water ; and being ne^tlve with respect 
to It, a stitmger coiT<Miii^ effect is produced in its immediate 
vtaiii^, 30 that the mpper is often woti into deep and irre- 
gular cavitto in tfesse parts. 

When i^ppmr is nn^ually worn, likewfee in harbours or 
where the ivat^r is loaded with mud or medumiml de- 
this mud or deposits lest iti the rerngh f^its or 
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depressicns in the copper, and in the parts where the diffe- 
rmt sheets join, and afibrd a soil or bed in which sea weeds 
am jfix thdr roots, and to which zoophytes and shell fish 
can adhere. 

As far as my experiments have gone, small quantities of 
other metals, such as iron, tin, zinc, or arsenic, in alloy in 
copper, have appeared to promote the formation of an inso- 
luble compound on the surface ; and consequently there is 
much reason to believe must be favourable to the adhesion 
of weeds and insects. 

I have referred in my last paper to the circumstance of the 
carbonate of lime and magnesia forming upon sheets of cop- 
per, protected by a quantity of iron above parts, when 
these sheets were in harbour and at rest 

The various experiments that I have caused to be made at 
Portsmouth, show all the circumstances of this kind of action, 
and I have likewise elucidated them by experiments made 
on a smaller scale, and in limited quantities of water. It 
appears from these experiments, that sheets of copper at 
rest in sea water, always increase in weight from the depo- 
sition of the alkaline and earthy substances, when defended 
by a quantity of cast iron under of their surface, and if 
in a limited or confined quantity of water, when the propor- 
tion of the defending metal is under With quantities 

below these respectively proportional for the sea, and limited 
quanlities of water, the copper corrodes ; at first it slightly 
increases in weight, and then slowly loses weight. Thus a 
she^ of copper 4 feet long, 14 inches wide, and weighing 
^Ib. #oz., protected by x§o ^ surface of cast iron, gained 
in ten w^ks and five days, 12 drachms, and was coated 
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tlie «ame atid a }^ dT it was gra^ 
ir^ salts of copf^r ; wlalst an i3p|>it)tecteci sl^t of tbo 
dass, kath as to sizo and wt%ht, aijd oxpos^ fot the ^me 
time, and as nearly as possible tmder the same drcmnsfeanc^s^ 
had lost 1% drachms ; but experiments of ^s hipd^ 
they agree when parried on un^r precisely rimSar i^aam- 
stance% must of neceissity he very irr^ukr m thdr results, 
when made in different reas and situations, feeing influence 
by the degree dT saltness, and the nature of the impregna- 
tions of the water, the strength of tide and of the waves, 
the temperature, &c. 

In examining sheets which had been defended by small 
quantities of iron in prof^rtlons under and above ^gVg t 
whether they were exposed alime,.or on the sides of boats, 
there seemed to me no adhesleais of amfervae, except In cases 
where the oxide of iron covered the copper immediately 
round the protectors ; and evm in these, instances sudhi adhe- 
sions were extremely trifling, and might be ccmsidered xather 
as the vegetations caught by the rough surface of the opde 
of iron, than as ac^ally growing upon it. 

Tin the month of July 1834 all the experimenj^ had been 
tried in hark>ur, and in comparatively still water ; and tk>ugh 
it coifld baldly he douked, that the same principles would 
prevail m cases whcare sMps were m motion, and on the ; 
yet still it was desirable to determine this by ^rect expe^ir 
in^i; and I took tibe opportmiity of an expedition intended 
to ^jie poink of itmgitude in the north ^Bas, and 

whkh afferd^Mi me the of a stetoi bc^, to make these 
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Sheets of copf^r careMIy weighed, md with 
diffeiwt qumities of protecting metal, and some unprot^ti^, 
w^e exalted upon canvass so as to be ele<xriailly insulated 
^pcHi the bow <£ the steam boat ; and were weighed and ex- 
amined at difierent periods, after being exposed in the north 
to the actikm of the water during the most rapid mc^ion 
of the vessel. Very rough weather interfered with some of 
riie^ experiments, and many of the sheets were lost, and 
the protectors of others were washed away ; but the general 
results were as satisfactory as if the whole series of the arrange- 
m^its had been compleat. It was found that undefended 
sheets of <x)pper of a foot Square lost about 6.55 grains in 
passing at a rate averaging that of eight miles an hour in 
twelve hours; but a sheet, having the same surface, de- 
fended by rather Jess than lost 5.5 grains ; and that 
like sheets defended by ^ and rho malleable iron were 
similarly worn, and underwent nearly the same loss, that 
of two grains, in passing through the same space of water. 
These experiments (the results of whidi were confirmed 
by those of others made during the whole of a voyage 
to and from Heligoland, but in which during the return the 
protectors were lost) shows that motion does not aflect the 
nature of the limits and quantity of the protecting metal ; and 
likewise prove, that independently of the chemical, there is a 
mechani<xil wear of the copper in sailing, and which on the 
most exposed part of the ship, and In the most rapid cpun^, 
l^ars a relation to h of nearly a to 
I used the very delicate balance belon^ng to the H^al 
Sori^y in these experiments 1 the sheets of cop|^ weighed 
betw^ 7 and 8000 grains ; and I was fully enabled to 
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by mems this balance^ a diminudon of woight apoa m 
largo a quandty, oqual to 1 1® of a graki. It was evid^t from 
a very mmute inspection of the sheet with the largest quail* 
tity of protecting metal, that there was not any adhesbn of 
alkaline or earthy substances to its surface. 

Having observed In examining the results of some of the 
experiments on the effects of single mas^s of protectog 
metal on the sheeting of ships, that there was in some cases 
in which sheets with old fastening had been used, tarnish mr 
<^rrosicm, which seemed to increase with the distance from 
the protecting metal, it became necessary to investigate this 
circumstance, and to ascertain the extent of the diminution of 
electrical action in instances of imperfect or irregular con-- 
ducting surfaces. 

With single sheets or wires of copper, and in small confined 
quantities of sea water, there seemed to be no indications of 
dirainutimi of conducting power, or of the preservative effects 
of zinc or iron, however divided or diffused the surface of the 
<X)pper, provided there was a perfect metallic connection 
through the mass. Thus, a small piece of copper containing 
about ga square inches, was perfectly protected by a quantity 
of zinc which was less than part of the whole surface; 
and a copper wire of several feet in l^gth was prevented from 
tamishing by a pie^ of zinc wli^ which was less than 
part of its length. In thei^ cases the protecting metal cor- 
roded with great rapidity, and in a few hours was entirely 
destroyed ; but when af^lied in the form of wire and covered, 
except at its transvei^ surface, with cement, its protecting 
influenoB upon the same rninum scale was exlubitedform^y 
days. A pa^ of these results depend upc© the al^rjp^cm 
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tion W this metal istnst he mecH lai^ger when the water is 
emsstaMiy changing 5 hut the experiments seem to show that 
any dUmmution of protecting efiect at a distance, doe^ not 
depend Upon the nature.of the metallic, bat of the imperjfect 
or finid conducton 

This indeed is shown by many other results. 

A of zinc and a piece of copper in the same vessel of 
sea wat^, btic hot in contact, were connected by different 
l^gths of fine silver wire of diiSferent thickness. It was 
found that whatever l^gths of wire of of an inch were 
used, there was no dimunition of the protecting effect of the 
zinc ; and the experiment was carried so far as to employ 
th® whcle of a quantity of extremely fine wire, amounting to 
upwards of forty feet in l^gth, and of a diameter equal only 
to of an inch, when the results were precisely the same 

as if the zinc and copper had been in immediate contact. 

l^ces of charcoal, which is the worst amcatgst the more 
^rl^t conductors, weie ccmnected by being tied together, and 
made the medium of coramunk^tlon betw^n zinc and copper, 
upon the Mme principles, apd with the same views as those 
Just de^ribed, ^ftd with precisely the same ojnsequences. 

In my first experiments upon the effects of increasing the 
length or ^fiunlshmg the mass of the imp^fect or fluid om- 
ducdng surface in interferkig with the preserving eflfects of 
m^als, I Used long narrow tubas ; Imt I found them very in- 
Ccmv^ient ; and I had recourse to the moie rimple mrttod 
of ^fioymg cotton or mw for ihfe purpoi^^ 

Sei^aiai feet irf coi^m^ wire in a spral form were conn^ad 



with a Hcjf zinc wire . .o£ aboiirt an . toch 

length. The zinc and a^pertaon the were 

duc^d into one and the coib of coppey r^ire were injychR 
dii<^ Into other glares, so as to form a series ^aix or sev^ 
glasses, whfch were fiikd with sea water, antd , made pari 
the same voltak arrangement, hy being connected j^th p^s 
of tow moistened in sea water. 

It was found in these experiments, that when the pieces of 
tow connecting the glasses were half an indi in thickness, 
the preserving effect of the zinc in the first^ gh^ss was no 
where diminished, but extended apparently equally through 
the whole series. 

When the pieces of tow were about the $fth of an inch In 
thickness, a diminution of the preserving effects of the zinc 
was perceived in the fourth glass, in which there was a d%ht 
solution of copper j in the fifth glass this result was still more 
distinct, and so on till in the seventh glass there was a con- 
siderable corrosion of the copper. 

When the tow was only the tenth of an inch in thictete^, 
the preserving efect of the zinc ext^ded only to the third 
glass ; and in each glass more remote, the effect <rf corrosion 
was more distinct, dll in the seventh glass it was neariy the 
same as if there had b^n no protecting metal. AU the che* 
mical changes depmdent upon n^ative electricity were sue** 
cessively and eleg^tly exlubited in this experiment. Jiithe 
first glass containing zinc, there was a crni^ei^ble and 
hasty deposition of earthy mid alkaline matter, arid ciystals 
of carbmn^ of soda, adber^ to the cp|^^! :at the ^mface 
where it was cfom ai^ brigte ; but In the fewer pmtit was 
coated with revi^^ metallic riric. In the secemd glai^ Ihe 
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wire was coveted over with fine crystals of carbonate of 
lime ; and flie same phaenomenon of the separaticai csf 
caihcmate of sods, occurred, but in a less degree. In the 
fliird glass tl^ wire was clean, but without depositiona ; and 
the presence of alkaline matter could only be distinguished 
by chepakal tests. In the fourth glass the copper was 
bright, evidently in consequence of a slight but g^eral cor- 
rosion, but with a scarcely sensible deposit; in the fifth, the 
deposit was very visible ; and in the seventh the wire was 
covered with green rust. 

These results, which showed that a very small quantity 
only of the imperfect or fluid conductor was sufficient to 
transmit the electrical power, or to compleat the chain, in- 
duced me to try if copper nmled upon wood, and protected 
merely by zinc or iron on the under surface, or that next the 
wood, would not be defended from corrosion. For this pur- 
pose I covered a piece of wood with small sheets of copper, 
a nail of zinc of about the part of the surface of the cop- 
per being previously driven into the wood : the apparatus 
was plunged in a laige jar of sea water : it remained per- 
fectly bright for many weeks, arid when examined, it was 
found that the zinc had only suffered partial corrosion ; that 
the wood was moist, and that on the interior of the copper 
there was a considerable portion of revived zinc, so that the 
negative electricity^ by its operation, provided materials for its 
future and ccmstant excitement. In several trials of the same 
kind, iron was «s^ with tl^ same results ; and in all these 
expmments titere appear^ to be this peculmrity in the 
appliance of the tapper, that unless the protecting metal 
below was in very lai^ mass, there were no depositions trf 
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fmlcaiwus or magr^esiao earths uj>on metal ; It was clean 
and bright, hut never celled. The copj^r in these experi-^ 
ments was nailed sometimes upon paper, sometimes upon the 
mere wood, and sometimes upon linen ; and the communica- 
tion was partially interrupted between the external surface 
and the internal surface by lament ; but even one side or 
junctiem of a sheet seemed to allow sufficient communication 
between the moisture on the under surface and the sea wate^ 
without, to produce the electrical effect of preservation. 

These results upon perfect and imperfect conductors led to 
another enquiry, important as it relates to the practical apjpli- 
cation of the principle ; namely, as to the extent and nature 
of the contact or relation between the copper and the pre- 
serving metal. I could not produce any protecting action of 
zinc or iron upon copper through the thinnest stratum of rir, 
or the finest leaf of mica, or of dry paper ; but the action of 
the metals did not seem to be much impaired by the ordi- 
nary coating of oxide or rust ; nor was it destroyed when the 
finest bibulous or silver paper, as it is coramcmly called, was 
between them, being moistened with sea water. I made an 
experiment with different folds of this paper. Pieces of cop- 
per were covered with one, two, three, four^ five and six 
folds ; and over them were placed pieces of zinc; which were 
fastened closely to them by thread ; each piece of copper so 
protected was exposed in a vessel of sea water, so that the 
the folds of paper were all moist. 

It found in tl^ case m which a single leaf of i^per was 
between the zinc and the copper, th^e was- no ^rrosion of 
the copper ; in the case in which there were two leaves, there 
was a very slight eflfeca: ; with three, the corrosion was dis- 



tm^: and it inc^team^^ dll die six folds the i^t^ng 
ipbw^apjp^ed to 1^ lost : ^d fo the case of dt^s ^ligle leaf, 
tifete f^sdbmdMfePOT^ from die i^iflt of immediate cotitac^, 
that there 'wm no deposidon of eardiy matter* Showing 
thsd diere minute contact of the metals 

&ro^h the mcast paper; which was likewise proved by 
dtfer CTpermieitts^:^^ for a thin plate of mica, as I have just 
motioned, mtirely destroyed the protecting effect of zinc : 
and yet when a hole was made in it, so as to admit a very 
thin layer of moisture between the zinc and coj^r, the cor- 
rdsipn of the coj^r, though not destroyed. Was considerably 
dimimshed. 

The rapid t^rrosion of irtm and zinc, particularly when 
used to metals, <mly in very small quantities, in- 

^c^ me to tiy sothe expeidments as to their electro-che- 
iniml powers in menstrua out of the ccmtact, or to a certain 
extent iemoved foom the contact of air, such as might be 
for moistening paper under the copper sheathing of 
ships : the lesnits of these exj^iiments I shall now detail. 
A OTaH pece of ir<m placed in one glass filled with a 
satilrated-aolition of brine, which contains little or no mr ; 

attached by a wire to the iron, was placed in a vessel 
cSntal&in^ sea water, wtechWasCcamected with the brine by 
nfoto^ed tew. The copper did not corrode, and yet the 
hw Wals ^atcely sensibly acted upon, and that only a^t the 
surface of the brine; and a much less effect was produced 
u^if it hi m^my w^a would have been occasicmed by 
'^''Waterteakm|tey/toys. ^ 

and b^e in the iame kind eff cormedion th^e 
w& restet : b ^lution-of the zinc was com- 



iMutiv€ly More M|iid iSkm tihat df the irtm, til® 
was mi^^red more Wghly negative, as Was shown hy a 
slight deposition df earthy matter upon it. 

A solution of |K>tassa, or of aHcalme sul^tances possessing 
the electro-positive eiieigy, has nearly the same effect m 
saline solutions as if they were deprived of mr; and when 
mixed with water impedes the action of metals upon 
them ; but if used in qtiantity in combinations such as these 
I have just described, in which iron is the prote^ng metal, 
it destroys the result, and riders the iron n^ative. Thus, 
if iron and copper in contact, or fastened to each other by 
wires j be in two vessels of sea water coimected by mdst 
cotton or asbestos, all the various of protec- 

tion of the two metals by each other may be exhibited by 
means of solution of potassa. By adding a few drops of 
solution of potassa to the water in tte glass containing the 
iron, the negative powers of the cop^r in the other glass 
are diminished ; so tlmt the deposi^n of the <^careous and 
magnesian earths upon it is considerably lessened ; by a litde 
more solution of potassa the deposition is destroyed, but still 
the copper remains clean. The corrosion of iron, wKch 
b^re was rapid, is now almost at an end ; and a few dr<^s 
mor^ of tl^ ^lutfcai of potassa produces a perfect equilibrium ; 
so that neither of the metals undeigoes any diange, the 
whole sy^m is In a state of perfect repose. By making 
ri»e fluM in the glass coMaining the ircm still more alkaline, 
it no longer conoifes ; and the green tint of tihe mn. water 
riiows tibat ite copier is now tl^ positively d^rifiedmetal ; 

whm the in the gla^ om^niiig die iron is 

sriot^ly alka&ie, the oo^r m tlfeodi^ ghuis i^rrodes widi 
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iind stete. 

I b^an flji^ by s<me observatkms i^tsm 

^ ^ wWch <3Qpper sheeting k tt^trc^d by 

sea witei im4 on tbe causes by which it is pie^vei cle^ 
car Bettered foul by adhesions of marine veg^abte m 
I shall ccmclude it by some further mnarks on 
the ssmie subject, and with some practical Inferences and 
smne tl^retkal elucidations, which naturally ari^ from the 
results derailed in foregomg pag^. 

The very finst experiment that I made^on harbour^boats 
at Portsmouth, proved that a single mass of iron protected 
full^ and entirely many shee^ of ojpp^, wh^or in waves, 
tides, or currmts, so as to m^e them negatively elecAric^, 
and in such a degree as to occ^ion the deposition of earthy 
matter upcm them ; but observations on the effects cd* the 
single contact of iron upon a numbar of sh^s of co|^er, 
vriiere the jractlons and naals w^e covered with ru^, and 
that had li^en in a sMp for some years, showed that the 
a(^on was we^^ed m the of imperfect coiu^xions by 
distance, and that the near the protector were more 

defeated than those r^c^ from it Upcm this idm I p»o* 
pmed, that when ships, of whidb the o>j^>er shi^hmg was 
oH and Worn, were to be prc^c^, a greyer propmbn cf 
imn sbouM be us^, and that if pc^ible it shouM be more 
fhstributed. The first experim^t of tWs kind triad oii 
the Stoimsarimg, of guns, in ldar<b, and which hs# 
bam ^3:^pered thr^ years before m Ihd^ C^inm, ef|uid 
hi siufac^ to abmt ^ iiat/^ apphed m 

fi^r- two the^ ' -two'' m the- ^bows 
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w^ jpW6tie4l|i iiiij^c^ti^ tlnatftl^kit^Qfm/vil^ 

<w^p 0 d with me^u md I was i^s^nt at R>i^ 

HKHith soon after ^e was brought into dock : tere Msm 
tte sB^est we^ m npoa the wtote of the bottom 

from a few romid j^t^tors to the laid m 

h^ bow- Round the stem pn^octors/di^ was a slight 
adheskm of rust of kon, md upcm this there were jK>iiie 
zoophytes of the ca^lary kind, Qf an indb and a hsM or 
inches in teigth, and a mmiber of min^e tenacles, k^tih 
Lepas anatifara and Balanus tintinnahulum. For a cnii- 
siderable s|iaoe round the both on ^e stern ;wid 

how, the coppet was Inight ; but die colour bec^ne grem 
towards die central |mts of die d^ip ; yet even here the rust 
or verdigrease was a light powdar, and only sanall in quan- 
tity,. and did tm adhere, ^ qome off in ^des, and there h^ 
be^ evidently hide copper lost in die voyage. That the 
protectcars had not been the cause of the triflii^ ^4 per- 
fecdy insignificant ^heskuts by any elactrica} efiect, or by 
occasioning any de^itkn of earthy matter Uf^ the mppe^, 
was evidf^it from this— that the lead on the bow, d^ part 
ef tte ship most exposaed to the fiicticn of tte wator, con- 
ttdned tim0 adhei^ns in a mdch mca^ ac^umulatad stm& 
t^n that in winch they cjciatod near ti^ storn; and Aoae 
iume at di <m the dmn romA the pmbechna m 

tto bow ; and tte <itoadng of ojode of ircp smuf to 
have 1^1 d^ ^se of tibek appeai^Bce. 

I had this ihip 0 mm dock m the spmg of rduf. 


mid ^^istma:^ ^ and with a nmtth^ nf 

^^(^pallj Cii^, m i|uai3tity of a^oophjftos, adhentig t# 
ddfe^t psorts of the that tld^ first exp^iim^ 

was h^Uj though made under veiy unfa^oiir^ 

able cmumstaif^. 

irtie oidy two mstanc^cd* v^sels which have been rec^^jr 
cop|>aped, and which have made voyages furnished whh 
protectors, that I have Imd an opportunity of exmnining, are 
the Elizabeth ym:ht, belonging to the Earl of Darnley, and 
tli» Camebrea Casde, an Indiaman, belonpng to Messrs. 
WiGRAM. The yacht was protected by about i—t 
malleable iron placed in two masses in the stern. She had 
been occasionally employed in sailing, and had been some- 
times in harbour, during six months. When I saw her in 
Hovember she was perfectly clean, and the copper appa- 
rently untouched. Lord Darnijey informed me that there 
never had been the slightest adhesion of either weed or 
sheU-fish to hm* copper, but that a few small barnacles had 
oEico appeal^ on the loose oxide of ir<m in the neighbour- 
hood xrf* tlte p-otectors, whicK however were immediately 
and easily washed off The C^mebrea Castle, a iaige ^ssel 
of upwards of 650 terns, was furnished with four protectors/ 
two on the stem, and two the bow, equal together to 
aboi^ of the surfiice of the copper. She had teen po- 
ured lacme tten twelve months, and had made the voya^ 
to Calcutta ptd back. She came into tte river perfet^y 
bright; and wh^ examined m the dry dock was fmmd 
entirely fiee from any Mhesiem^ mid ^fered a teautiftil 
almost pdished suifape; and te be no 

than witid te 

Pluses. 



ttad vessels at rfek, 1 Kave ib 
w<^W iiave been adh^ons, at least in Portsmoinii or Sheer- 
nes® baibmirs, where the water is constantly muddy, and 
wheiet the smallest irregularity or roughness of surface, 
from either wear, or the deposition of calcareous matter, or 
th& formation of Oxides or carbonates, aiable the soBd matter 
floating in tl^ Wa^r to re^. Tliere is a ship, the Howe, 
caie of the largest in flie Navy, now lying at Sieemess, which 
was ja-otected by a quantity of cast iron judged sufficient to 
save all her copj^r, nearly fifteen months ago. 9ie has 
not been examined ; but I expect and hope that the bottom 
will be covered with adhesions, which must be flie case if 
her copper is not corroded ; but notwithstanding this, when- 
ever she is wanted for sea, it will only be necessary to put 
her into dock for a day or two, scrape her copper, and 
wash it with a small quantity of acidulous water, and she 
will be in the same stam as if newly coppered. 

At liverpool, as I am informed, several ships have been 
protected, and buve returned after voyages to the' West 
Indi^, and even to the Eai^ Indies. The proportion of pro- 
tecting metal in all of them has been beyond what I have 
recx>mmended, ^ to ^ ; yet two of them have been found 
perfectly dean, and with the copper unmuched after voyages 
to Demaram; and another nearly in the same state, after 
two voyages to the same place. Two others have had their’ 
bc^€«nsi more or less wered wkh barnacles ; but the pre- 
^rvi^on cf the co|^^ has been in all eases judged complete. 
The iim has beau ]^ced aloi^ the keel on sides ; and 
the barns^les, m have ekistid, have been 

ge^afly upcm Ae: which it may 



adi^f# tftber.*^ ^ <m^'<g-Mm, 

Qf ^smmd hf t^ ^1^,'^^iicgi^ 

la iip ## p^^portioii adagt^ lias obI^ ^ 
cast ifiib ^ fet* i^d s^viccv 

©Ig^i ctei^^ thaa mp|w. 

It w f my #ff|cdt ta ppint oiit the wcaimstamsea 
have mi4e^ re^ts, such as th^ mat^caied is«& T^pect 
to Liverpool tmders, ^ <ifflfereat und^ apimtmtly the same 
drcup^anc^g i. e why s^s should exMbk ao a^skms 
or hamades after tw0 voyages, whilst on luiothi^ sWp, with 
the same qiwtky of pwtectim, they should he found after a 
single This may jn-oWhly depe*^ upon i«»ie dWp 

having remain^ at test in harbour l<mger than another, or 
having b^ becalmed for a short time in shallow seas, where 
0m d* shell hsh, cr young shell fish exists; or upon oxi^ 
of iron being formed, md not washed off, in ccmi^queiice 
cahn weafiier,^ nnd which consolidating, was iwt afterwards 
in the voyage. Frma what I can 1mm, however, 
the cl^ce of a certain degr^ of fouhmss, in ocmseqij^noe oi 
the ajqiScafion of the full proportion of pmteetiing metal, will 
not piev^t ship owt^s from employing this prqponion, as 
the saving of a>pper is a veiy gr^t ohj^; aid as long m 
die copper is sound, no drniger is to be »p^hmd&d from 
woims. 

It ougte m be kepi in mind diat tl^ ia^er a ship, die 
mom the exp^mc3:i^ is influem^ by the Impetfed: coi^ma?- 
ing power of Ae sea water, mui o^ci^i^ntly 
of pmb^E^g may be laiger without bdmg m 'mmm*- 



fad a 

iiverpool ship, of ^hk^h ft w^ dmiMfid ^hedmr tk^ 
was in ^ ^te stt<di ^s woi^ i^ 

voyi^ to todfat r\#h Ji^, iy the ia|>pli(^<m cjf 

protectors of made tihb ifcsyj^e^* wi^olft app»^^ 
we^ of her abating? and that she is mw prefi^g with 
the same prote^ors to make ;^oth^ ^^oyage. 

In cases wtei ships are to he newly sheathed, i:he expa^ 
naente whidi have been d^^aUM in the pn^dhig^ 
render it likely, that the most advantageous way <rf applying 
protection will be under, and not over the copper ; the elec- 
trical circuit being made in the sea water pasrir^jttirQ^gh 
the plains of junctiw in the sb^ts,; iind k thk 
shee^ of copper may be provided with nails cd* km <^ aiiHJ, 
for protecting them h) any extmt require. By ‘dtivirig the 
nail into the wood through paper wetted with brine above the 
tarred paper, or felt, or any other substance that may he 
employed, the incipient action will be diminished ; and there 
is this great advantage, that a considerable part of the metal 
will, if the protectors are placed in the centre of the dtcet, 
he deposited and re-dissolved : so there is reason to believe 
that small masses of metal will act for a great length of time. 
ZmCf in consequence pf its fonnaig little or no insoluble 
compound in brine or sea water, will be preferable to iron 
for this purpose ; and whether tWs metal or Iron he used, the 
waste will hp much Ipss tlian if the metal was pi^pos^ on 
the outside; and aU ^fficuhies with, respect tp a proper 
sitimtipn m this last; case are avoMed, 

* Dorot&y. 


5 Hi^v wpfiae ipad fm slij&ittteg shmM 1^ pam flat 
aad ia b^bg appEed ta the ^hlpy 
'sii 0 ^d jbe peserred a$ nmoeth md suable m posmblb: ai^ 
the «^s used fet^ihg shcmid likewise be <^ pum c^per ; 

i^d a Mfe >#ffemace in their ^ckness and shape will easily 
iscmpmimte -fer thdr wan^ 

ibi jyessds empl<^ed for steam navigation the prelecting 
metal can scarcely he in excess as the rapid motion of these 
prevei^ thediaime of any adhesions ; and the wear of 
the coppar by proper prc^^^on is diminished more than 
twcHtlurds* 

* 1 bsTO ment^nea in the two last <x>aamuiiications on this su^ett some app>li> 
cai^oB the pxisciplb ; many outers will occmr. In suINnarin^ constructions — ^to 
i^rotect wood« as la |piks« frmn the actibn of worms, sheathing of copper dden^ 
jby iron in excess nuiy he nsed ; when the calcareous matter deposited w^ ^mdu* 
ally &rm n coadiog of title chamcter and tiimness of hard stone. 
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X^. On ife bwt mtmim. By 

Samoel HtrjNftEH CiJRistiE, &q: M, d. qf 'IMnMy €kU^i 
Vm^dge ; Fellow (f tlie Cmkrid^ FMo^^d Sm^ t 
^ Ri^d MUitmyAcedm^, €}tmmum;ded AprB ®o, i8s^5, 
ky J. F. W. IfimscaaEL, F^q. Sec, R^S, 

Re^d May is, 1825. 

As the pfi^pks o» wMch phmmmma^ depeii4 cw 
he dkcovex^ by a careM pf the i^rcumstan^ 

attending ev^y j^w facst whi^ih its 

mee lamst in hm esthnated by tte 

magnitude of the id&ets |«c4}«5^ bait by tiWr pecnlianty. 
However inmnte jnay be the efe^, ^ inquiiy into the laws 
which govern them, # unattended by any other,, vdll have 
this advantage, that th^ laws will serve as an additkmal 
test of the ajnrec^ss ofthe prindfJes advance ibr the ex- 
planation of the more striking phaenm^ta, &^ly establish^ 
ing their ti^h, if tte consequences of those i^'ipcipks, or 
b^g hicompatibie with them, .pomting oat their fa&icy. 
Thus the sev^e^ test tiiat the ifrimSide of gmvitation has 
h^ to, w tk^ ex|^affia%m of ^e minute iiregpla* 

in the bioimm ; and the cc^ndden^ of 

irrqgyjmrtoes whh tfeo^e deduct from the ap^ca^ 
nA iMs buiv its tp^ heym^ 

jtbspde, had j^y dmht .pevka^y In expa- 

I to. d^h/i^e ^vodnced are 

bm as^.t^ oilt a sped^ df 

i^ncccxxv* Z i 
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action not hitteto ohmtred^ they will not, I trust, be consi- 
demd nnimpmtant* 

It ims bm% different ejfects will be p^odnced mt 

iron, SMS tegm^ its j^larity, when struck^ twisted^ filed, or 
Sconred in ^flfereait positions, with respect to the m^netic 
axis or line of the dip; buti ana not aware that it has ever been 
suspected that the simple rotation of iron, in different dijrec- 
tims, would have any effect cm the manner in which the iron 
influenced a magnetic jaeedle* This I have discovered to be 
theease ; and that the laws which govern this peculiar action 
on the heedle are so general and uniform, that I have no doubt 
their causes me as steady in thdr operation, as those to which 
the mote striking phenomena of magnetism owe their origin. 
€ki observingAesemagnetical phaenomena arising purely from 
rotation, it appealed to me that they might possibly indicate 
the cmise of Ae eaith's magnetism ; and this was a further 
inducement to me thoroughly to investigate the circumstances 
ccmnected with them. Before giving the particiilars of these 
phaeri^maia, it is necessary that I should mention how I was 
fii^ led to observe th^. 

For some time previous I had been engaged in making 
several series <5f experiment, with a view to discover the 
precise manner in which uniiia^gi^sed iron acts upon a mag- 
netic needle. For ibis purpose f had made use oi an irem 
hail 13 iheh^ in diameter, and Mkewi^ of a shell i8 inches 
in diameter, and obi^ried thdr efects cai the needle in vari- 
<ms positions, IMS rdBdned to ceriain piams passing thrmigh 
it (jentte. The shell aiid the n^^dle were placed in the te- 
lative positions which I wished to give tlmn, b^ determinhig 
a radius mid an angle cm an horizomal plane, and a vmtical 
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otdmuie, r^uilslte: bek^ 

tedious, when I wished to pursue the suhjeotfui^er, I Ibiiod 
them> froip their number, so klxjrious, that I resolved> if 
possible, to supersede the nec^sity of diem by the eonstruc^ 
tiofi of an instrument j by wMch I cxmld adjust the iron and 
the needle in their fU’oper relative portions, without, any 
previous computation. In this I succeeded; but as the iron 
was to be supported on an arm of brass, it became necessary 
to make use of a plate of iron instead of the heavy shell of 
nearly 500 lbs. weighty and in consequence of this, when I 
expected that I had overcome the principal difficultiesj I 
found they had only commenced. It is w€dl known that 
almost every mass of iron, but especially , she^ iron, pos- 
sesses polarity in a slight degree, and of a very variable 
nature in some parts of it, whatever asm may have been 
taken in its manufacture ; and I soon found, tp my no small 
vexation, that the effects apparently produced by it in that 
which I made use of were so various, that they would for a 
ipng time bafSe me in my investigations, if they did not ulti- 
mately frustrate all my attempts at drawing any conclusions 
from the expaiments. ^ ^ 

The instrumait which I have menticaied is represent^ in 
Plate XXV. feg. 1. The principal part consists of two 
stmnglimbsof brass : one, SQN, a semicircle, 18 inches in 
diam^r, imjhes broad and ,3 inch thick : the other 
^n^s of two semkhxies jcAed tcjgether ; S i^smches 

hinsad anduss tMck/aa^d its outer diameta* 18 tehe^ ; 5 m n 
,0 inch broad, thhdc, and ijfes inner diameter 0.s inches, 
S JEM and §;4|Nm^ attached to c^ber by strong 
Stos aiAN ton ; so ttott 



mmim ^ &QMis ; :B-MM^ 

»t Sf^JM am gt^»i^ tom iE and Q Mmmd$ S ittid :m 

fe ia tow^s r amljz. Tte 

S^M fsysmfjmafy trough m opeiimg in the aitjpp^ G I, 
tet ina|r be ebnnped Snnly in ^y posi^n by ^ twa 
sc^eis^, w<3rkai® into tlie pmts <J,G'ffom ^ back rf 
ittstnimait. the chamfered edge of the opening g, m 
^fat^ of €m G\ is an index stewing the inclinatacm ctf Ae 
axis S N to the h^kon t and m the ^urt Kk blI the foot of 
^ pillar, and ateched to k, is ah index pointing out on the 
graduatoEl ckde L /, fixed on the tohle T t, the dtuati<ra of 
the limb SQ N with respecx to the magnetic meridian. 
H r is attodi^ graduated drcie, fixed to the mcweable limb 
S 4 i^diichj by die index at jc on the fixed Imib SQ N, 
ste^s d^iangk des^ibed by S JEN from the plane of S QN. 
A matf bra;^ pin, soldened to the foot of the piUtr, 

tluo^h the table T t and a ibkk drde d* wood, to 
wMkh l^s are attached, Mid has below a ckmjang screw, 
tolix tite whofe firmly tc^dher in my positim. The cxmi- 
piu^ box N'l^ k fitted on to rn stmd fixed to the support F/, 
which cmisists of two parts ; / fitted to G, and F sliding on 
astute at^Khed to/; so diat the mmpms maybe eleyat^ 
Of dei»«pad. An mm A B, to €arry the drcular plate dt 
ifcm CLiv ^ the mofeable Iteb Sk{N. ; ^The 

fmrt A it omste ctf two fte pieces^ Im^kg the BmhM ^ 
bdrroen sb tte ^ma inay be 
Mo any be fix^ hi thatrdtetim by 

i^rw^xstodifc^ ‘mtaAm face A:'a; - ;^--ihe;cyllo- 


mm 

right m aids c€ the e^lli^far. Orer Ae 

l^te of iim m & wooto washer D d^ which is f^ss^ 4«i k 
^ the i^rew h w<»kiBg on the short c|rMi»der* Tfe eylEidet 
with the |>late Is iix^ in any position on the am hy tim 
elatiip Mm. fei the part Am the arm are two 
a, (/, <m the chmfered edges of whidi are tndeices in a libe 
with the asiis of the cylinder B 4 so tteit when ^ch pchdB to 
dhe same ^ on the semidrdes S iE N, r a, axis of tite 
cylind^ B ^ is direc^sed n>waMs their centre, and evcajy pdtat 
in the ed^ of the fdate is ^ the same distance from t}^ 
centre. As the weight of the plate was a oonsiderd^ strain 
m the Instrument, a scale to contmn a ocunter-weigltf , was 
suspended from the ceiling of the room, and die line frmn It 
passed through a moveahle pnlley , attache to the arm B i, 
so that the weight might easily he adiusmd to relieve i^ariy 
altogether the stiam the plate cm the arm in any p^tkm. 
The arm was also occasionally si^porled, and steady m 
its portion, hy a sliding rod resting m the table Tt, Tte 
compass consists of a circular box, containing a circle 6 indi^ 
in dimeter, very ac^rateiy divided into d^rees, and a^m 
into thirds of a degree ; and a very li^t needle, hamhg^^ 
in its centre, and its point of suspension mdj *07 lac^ 
sarfiaoe of the nerfb. The extrarddes rtf' tiae 
needle am hrou^t to ^eiy fin^ m that by a Kt^ 

prance, widi the assistmice cd accmvex lens, I a>uld re^d ofT 
very icorrectily ^ two 

sad dle ^vtemr on the tmle; To this compass i jbwe 
dier needle, l^ich ha^ k vermer at each end; tmt^dds l^g 
;i^viia^3 and cxmseqi^tiiy pot m se^bfc^ I 
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wKidi I had |)revl<Hisly made, md in thc^ which 
I this apparatus, I conceived a 

m'lNe !tocitbed^:i^ the centre of the ne^e^ rafemng 
the stoatim of Ae iron to a plane, in which, aceor^ng 
to the ^pofchesis I had adopted, it should ^ually affect the 
noilh and south ends of the n^le. The Ime in which the 
needte would place itself, if fredj suspended by its centre of 
gravity, I considered as the magnetic axis ; the points where 
this axis cuts the sphere, the poles, the upper being the 
i^uth, arid the lower the north pole ; and the great circle at 
ri^t angles to the axis, the equator, being the plane above 
mentioned. The position of the iron was thus determined 
by its latitude and longitude ; the longitude being always 
measured from the eastern intersection of the equator with 
the. horizem. The angle which the axis makes with the 
horizon I considered to he, according to the most accurate 
ofaservatiGtis, Very nearly 70*^ 30'.^ 

As I shall have frequaitly to refer to different adjustments 

* ta iSfS Captaias Sate* and SAEksfE found the dip to be 70^34 ia 
RegeiiU*$ P|wk; and in 1819, in the same place. Captain Sabihe found it to be 

70® 33'. 27. Since making the greater part of these experiments, I have had oppor- 
tunities of observing the dip at this place. With a very good instrument. By 
T, JoifES Charing Cross, having a 7-inch needle, consisting of two circuit area, 
on Cap^a Katee** construction, thenoan of4o pbservatioxw, 10 with tiie face 
the iasUument cast, 10 with the face west, and the same with the poles reversed, 
gave the dip 76® 15.25 on the 23d December, 1821, between the hours of i and 
4 ?. M. the observations beng made in my ^rden. With another isstrumm, also 
hy T. JoiTEs, having an S 4 nch rectangulsa* a^<Uc, Jhe mean of 40. observ^m 
made in my garden, (about a mile from the form^ place of observation) near noon 
on til® 5th and 6th b^y, 1824, gave 70® 06.5 for the dip. With the same instru- 
ment frbt using a needle on Mbyeu^s ccmafruction, tiie mean of .^ observations 
ns^ aomi on 8th May, *t24, gare tlu« dip ^ the spbt 70® to". 5. 



^ S$s 

I wfll thmr efia^ .Hie 

^gte which Ae axis SN, fig. i. makes with die hcipim 
H Oj being 70® 30% if S Q N is in die magnetic meritiiaii^ 
the compass is adjusted* so ip to have its <^ntre in the centre 
of the instrument, SN wiU the magr^c mis, and the 
centre of the plate, as there represented, would, by the rota^ 
tion of the limb SJEM, des^ibe a parallel of latitude, its 
longitude being indicated on the circle Rr: md if the In- 
dexes at 0, 0* be brought to coincide with the centre cf 
the plate would th^ describe the equator. If the limb SQN 
be slided through G G' until the index there coindde with 
^9"^ from Q towards S, md the indexes 0, o' be made ^ 
coincide with M as repiesented in Fig, s, the <^tre of the 
plate, by the revolution of the limb, would d^cribe a secon- 
dary both to the meridian and equator, and its latitude would 
be indicated on the circle R r. If the point Q, Fig. 1, or zero 
on the limb S Q N, be brought to coincide with the index at 
g, and the instrument make a quarter cd* a revolution about 
G I, so that the index at K may point to 90®, the centre of 
the plate would describe the meridian when the indexes at 
0, o' coincide with m ; and the latitude would be det^- 
mined from the degrees indicated on Rr. This is repre- 
sented Fig. s, where the contrary side of the instrument to 
that seen in Fig. 1, a, is pkc^ in front, in order to show 
the situations of the screws, which clamp tim arm A B 1^ 
tile limb SQN in ftdr r^fec^ve situations. ThuSj by a 
proper adjus^enl of the at E,g, s, centre of 

the plate my bo nmde to dpcrite piy circle erf thq sphere. 

Aikr a vc^y few mu M expmimeBts witii, this 

instnimeiirf, I fpmid it wp neop^y to atiend very 
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Ocularly to ^ sitna^on oC certam points cm the ircm plate 
wltii i^pect to the Hmb, smce, wilh one point cdndding 
it, the <leviatkm ef the needle, when the i^ntre of the 
plate wi^ CHI the median, wmild be eagerly, and with 
another pc^t coinciding, westerly; whaies^ had the iron 
po^^sed no partial magnetism, which was the case I wished 
to mvestigate, there would ha^e been no deviation when its 
was on tte meridian. My first object was to find 
what points on the plate must coincide with the limb, in 
oxtkr that Ae plate, wl^ its canre was on the meridian, 
should cause no deviatkm m the needle ; and it was in my 
•attent]^ to effect this, which at first sight appears sufficiently 
easy, that I discovered the leacfing feature in all the phas- 
nomena which 1 am about to describe. 

Gsnmd description of the phammena arising from the rotation of 
an iron plate. 

In order to find the points which I have mentioned, I 
adjimed the instrument so diat Ae plane of Ae fixed limb 
was exactly in Ae magnet meridian, and then brought tl^ 
cAer limb into the same plane : Ae centre of the {date was 
iten on Ae magnedc meiid&in, and its plane perpendicular 
to that plsaie, as rqsresenaed in Fig. i. I now made the 
plate revedve in its own plane about Ae axis B h, and ncKied 
very carefully its eflto on Ae needle, fe Aiing this I found 
tlmt if i Ae plate en Ae am, m Aat a cmain point, 
c for iu^stance, coIndHed wi A Ae of Ae Imb, Ae 

^viffdem was Afferent whai Ae same poirrt^ Ae revolu- 
Ae pkte, coii»idbd with Ae limb agdte" As It ap- 
f&msi by Ai$ Aat the revolufion c{ Ae |date hi^^ 









irm mising fixm its rotatim, $$$ 

upon ti^ needle, independent of the partial magnetism 
particular pmnts, I considered that if the plate were made to 
revolve the contrary way, the deviation ought to be on the 
opposite side, and this I found to be the case. I will illustrate 
this by the observations made when I first noticed the effect. 
The plate was divided at every 30® of its circumference 
(Fig. 4.) by lines drawn through tlie centre, and being placed 
on the arm, so that 0° coincided with the upper part of the 
limb, the north end of the needle pointed 10' east ; but when 
this point again coincided with the limb, by the upper edge 
of the plate revolving from west to east, the needle pointed 
30' east : making the plate revolve the contrary way, that is, 
its upper edge from east to west, when o® coincided with the 
limb, the north end of the needle pointed 28' west: so that 
there was a difference of 58', when every point of the plate 
had the same position with respect to the needle, according 
as the plate was brought into that position by revolving from 
west to east, or from east to west. As this appeared extra- 
ordinary, I made repeated observations at the time, to ascer- 
tain that the effect was independent of • any accidental 
circumstances, and found that the results always accorded 
with the first, the difference caused by the rotation of the 
plate being however greater or less according to the position 
of the plate. 

Having fully satisfied myself that, in whatever manner 
the rotation of the plate might cause this difference, such was 
really the effect, I next endeavoured to ascertain the nature 
and degree of the difference, according to the different situa- 
tions of the centre of the plate. For this purpose I made a 
great variety of experiments, of which I shall not however 
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here give the detaSs, as I afterw^ds repeated them ifi a more 
convenient manner, and with greater precision; but shall 
merely point out the nature of them in general, and the con- 
clusions which I at the time drew from them. The instru- 
m^t being adjusted, and the arm fixed so that the centre of 
the plate was in the position which I required, I made the 
plate revolve so that its upper edge moved from west to east, 
and noted the greatest and least deviation of the north end 
of the needle ; I then made the corresponding observations 
when the plate revolved in the contrary direction : a mean 
of the differences between the two greatest and between the 
two least I considered as the effect produced on the needle 
by the rotation of the plate in opposite directions. Repeating 
these in a variety of positions, I found that when the centre 
of the plate was in the magnetic meridian, its plane being 
always a tangent to the sphere circumscribed about the 
centre of the needle, the deviation of the needle caused by 
the rotation of the plate in its plane was the greatest when 
the centre of the plate was in the equator, and that it de- 
creased from there towards the poles, where it was nothing ; ^ 
that when its centre was on the equator, this deviation was 
the greatest when the centre of the plate was on the me- 
ridian, or in longitude 90®, and decreased to nothing in the 
east and west points, or when the longitude of the plate was 
o® or 180®; and that when the centre of the plate was in the 


• I should here meutiou, that, from the nature of my instrument, I could not 
make observations at the north pole ; but as the results, as far as 1 could observe, 
were of the same nature on this side of the equator as on the south side, I think I 
am warranted in concluding, that at the north pole the results would likewise be of 
the same nature as at the south pole. 
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secondary both to the equator and meridian, riie iritaticmr of 
the plate, whatever might be its latitude, caused no cbviatkm 
of the needle. In these experiments, the plate wluch I made 
use of was a circular one 17.88 inches in diameter, and .099 
inch in thickness, weighing 1 1 2 oz. The further I had pursued 
this inquiry, the more I was disposed to attribute the effects 
I have mentioned to a general magnetic action, arising in a 
peculiar manner from the rotation of the iron ; and my next 
experiments were with the view of ascertaining how far this 
idea was correct. As similar results might not be obtaii^ 
with any other plate, I next made use of a plate 12.1s inches 
in diameter and .075 inch in thickness, weighing 38.75 oz., 
and with it obtained results precisely of the same nature, 
though considerably less in quantity. Another objection 
which occurred to me was this— that the iron being evidently 
slightly polarised in particular points, the effect might be 
supposed to arise from an impulse given to the needle by 
the motion of these points in a particular direction, and that 
the directive power of the needle not immediately over- 
coming the slight friction on the pivot, a deviation might 
thus arise from the rotation of the plate. Had this, however, 
been the cause of the deviations, I should have expected that, 
when the centre of the plate was in the meridian, the greatest 
effect would be produced with the plate parallel to tfe 
horizon, and its centre vertical to that of the needle ; but I 
had seen that the greatest deviation took place when the 
centre of the plate was in the equator, its plane being per- 
pendicular to it ; and the deviation arising from the rotation^ 
when the plate was parallel to the horizon, was not a fifth 
of the deviation when the plate was perpendicular to that 
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plane. Besides it was manifest that if this were the cause, 
any other impulse would have a similar effect. I therefore 
made the needle revolve first in one direction and then in 
that opposite, by means of a small bar magnet, and invariably 
found that it settled at the same point, in whichever direction 
the impulse was first given, and the results obtained by the 
rotation of the plate were in these cases of the same nature as 
before. It was also evident, that if the deviations I have 
mentioned arose from this circumstance, the needle being 
agitated after any particular point of the plate was brought 
to the limb of the instrument, it ought to settle in the same 
direction, whether that point were brought into this position 
by revolving from east to west or from west to east; but this, 
except in the cases I have mentioned, where the rotation pro- 
duced no deviation, was not found to take place. In order 
wholly to obviate this objection, in all my future experi- 
ments, after any point had been brought to the limb of the 
instrument, I agitated the needle, and let it settle before I 
noted the deviation. 

Description of particular experiments. 

As I had found in my first experiments that I could obtain 
the nature of the deviation caused by the rotation by noting 
the greatest and least deviations when the plate was made 
to revolve in contrary directions, but that the quantity of 
that deviation could not by this means be determined with 
any degree of precision, I resolved to make my future ob- 
servations differently. The method I adopted, when the 
change in the deviation from one point of the plate to another 
was considerable, was this : the plate being placed in any 
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required position, I made it revolve once, for e^qample, tbe 
upper edge from east to westy without noting the deviations, 
bringing the point marked o® to coincide with the line indi- 
cating the position for observation ; from hence I continued 
the revolution of the plate until the point marked 30® 
coincided with the same line, and, after slightly agitating the 
needle, noted the deviation ; and in the same manner were 
the points 60®, 90®, 120®, 150®, 180®, 210®, 240®, 270®, 300®, 
330®, 360° or o® brought successively to coincide, and the 
deviations noted. I now made the plate revolve once from 
west to easty without noting the deviations, bringing o® or 
360® to coincide with the same line, and then brought in 
succession 330", 300®, 270°, 240®, 210®, 180®, 150®, 120°, 90®, 
60®, 30®, o® to coincide, noting the deviations as before. The 
sum of the first set divided by 12, 1 considered as the mean 
deviation, when the plate revolved from east to west; and 
the sum of the others divided by 12, as the mean deviation, 
when the plate revolved from west to east : their difference 
was the mean effect of the rotation in contrary directions. 
This I call the Deviation due to Rotation ; and to distinguish 
it from the deviation caused simply by the position of the 
iron, I call this last the Absolute Deviation. When the change 
in the deviation from one point of the plate to another was 
not so considerable, I made the observations only for the 
points o®, 90*, 180®, 270° on the plate. 

I now proceed to the detail of the experiments, and the 
conclusions I draw from them. In those which I shall first 
describe, the centre of the plate was always in the magnetic 
meridian ; its plane was perpendicular to the meridian, and a 
tangent to the sphere, whose centre was the centre of the 
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needle; and the plate revolved, as in all other cases, in 
its own plane: they are a repetition of those by which I 
first discovered several of the facts I have mentioned, but 
made for the purpose of determining more precisely the 
deviation caused by the rotation. In making these, the in- 
strument was adjusted so that the index at g, fig. i, pointed 
to o®, that at K to 90°, and tho.se at o, o' to Zero ; so that 
S N was horizontal and pointed east and west, as represented 
in fig. 3. 

In the following table, the numbers in the first column 
indicate the points of the plate which coincided with the plane 
of the meridian nearest the south, or upper pole of the 
sphere, when the several directions of the north end of the 
needle in the same lines with them were observed; the 
latitudes and longitudes are those of the centre of the plate 
as referred to the centre of the needle, the longitudes being 
measured from east through north ; the letters at the tops of 
the columns indicate the direction in which the edge of the 
plate, nearest the south pole of the sphere, moved ; the 
mean deviation of the needle, when the plate revolved in this 
direction, is placed in the line below the other deviations ; 
the direction in which the deviation due to rotation took place, 
in the following line ; and the whole deviation, arising from 
making the plate revolve in opposite directions, below this : 
the deviations observed always refer to the north end of the 
needle. The distance of the centre of the plf*te from that of 
the needle was 9.75 inches; the diameter of the plate, 17.88 
inches; thickness, .099 inch; weight, iiaoz. : so that its 
specific gravity appeared to be This plate I call 

No. I. 



Table of the deviations of a magnetic needle^ caused hg the rotation of a circular plate of iron^ when Us 
centre was in the magnetic meridian^ and its plane a tangent to the sphere. Plate No. I. 
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From these observations it appears, that when the centre 
of the plate was in the pole of the magnetic sphere, its plane 
being parallel to the equator, the position of the needle, for 
any situation of the several points of the plate, was the same 
whether they were brought into that situation by the plate 
revolving from east through south to west^ or from west 
through south to east ; that is, that the deviation due to rotation 
was nothing : 

That the deviation due to rotation increased from this point 
towards the equator, where it was the greatest : 

And that the horizontal needle was affected by the rotation 
of the plate, not according to the situation of the centre of the 
plate as regarded the poles and equator of the horizontal 
needle, but as regarded the poles and equator of an ima- 
ginary dipping needle passing through the centre of the 
horizontal needle. 

This last is not so evident, from the circumstance of the 
deviation being nothing when the centre of the plate w^as in 
the pole of the dipping needle, and a maximum when in the 
equator, as from its being very nearly equal at equal distances 
on each side of the pole, and also of the equator, that is, at 
very unequal distances from the axis of the horizontal 
needle ; and from the deviations at equal distances from the 
axis of the horizontal needle being very unequal. For if we 
compare the deviation due to rotation in lat. 70® sd S, long. 90®, 
with that in lat. 70° so'S, long. 270°, the difference is only 
1' ; in the first case, the centre of the plate was at the dis- 
tance of 90® from the axis of the horizontal needle, and its 
plane parallel to it ; and in the other at the distance of 51®, 
and its plane making an angle of 39° with this axis. Again, 
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in the fcmr corresponding situations of kt. 19® so', the mean 
deviation due to rotation is 1° 32', and none of the deviations 
differ from this by more than 5', although in two cases the 
centre of the plate was in the axis of the horizontal needle, 
and its plane perpendicular to it, and in the two others the 
centre of the plate was at the distance of so® from this axis, 
and its plane made an angle of 51® with it. The mean of the 
deviations due to rotation in the three* corresponding situa- 
tions of lat. 45® is 49 'a from which none of the deviations 
differ by 3', notwithstanding the difference in the situations 
of the centre and plane of the plate, in these cases, with re- 
spect to the axis of the horizontal needle. In long. 90® lat. 
45® S, the centre of the plate was 64® 30' above the horizontal 
axis, and its plane made an angle of 25® 30' with it ; in long. 
90® lat. 45® N, it made an angle of 64° 30' at 25® 30' below it ; 
and in long. 270® lat. 45® S, it was in a position above it 
similar to the last. Any doubt, however, on the subject 
will be removed, if we compare the deviation in long. 90° 
lat. 39‘*N with that in long. 270® lat. o ; the one deviation 
being nearly double of the other, although the centre of the 
plate was at the distance of 19® so' from the axis of the 
horizontal needle, and its plane made an angle of 70° 30' 
with it in both cases. The difference is even more striking, 
if we compare the deviation in lat. 70® 30'S, long. 270®, with 
that in lat. 31® 30'S, long. 90®, the centre of the plate being 
in each case at the distance of 51® from the axis of the hori- 
zontal needle, and its plane making an angle of 39® with it. 

• The nature of the instrument would not admit of observations being made so 
near to the north pole in long. Z70® aslat. 45®, or so near as lat. 7cP 30' on the other 
side of the support G I. 

MDCCCXXV. 3 B 
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The differences which we have noticed in the deviations ob- 
served at the same distance from the equator, is not more 
than I have found to arise from a slight change in the adjust- 
ment of the centre of the needle to the centre of the instru- 
ment, the plate remaining in the same position. These 
errors of adjustment I found it almost impossible to avoid, 
owing probably in a great measure to the magnetic centre of 
the needle not being in the centre of suspension ; and it was 
to counteract their effects, that I generally made observa- 
tions on contrary sides of the centre. 

With respect to the direction in which the deviation due to 
rotation took place, it appears, that the rotation of the plate 
always caused the north end of the needle to move in the 
same direction as the edge of the plate nearest the houth pole 
of the magnetic sphere : so that the deviation of the north end 
of the needle was in the direction in w^hich the south edge of 
the plate moved, and that of the south end of the needle in the 
direction in which the north edge moved, referring the edges 
to the poles of the sphere. 

Having ascertained, that when the centre of the plate was 
in the pole, and its plane parallel to the equator, the deviation 
due to rotation was nothing ; and some of the first experiments 
which I had made having indicated that this was also the 
case when the centre of the plate was in the secondary to the 
equator and meridian, and its plane, as before, a tangent to 
the sphere, I wished to ascertain whether such were really 
the fact. The experiments, the results of which are given 
in the following table, left no doubt in my mind on the sub- 
ject. In making them, the instrument was adjusted, so that 
the index at K ( Fig. i ) pointed to zero, that at G to 19° so' 
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from Q towards S, and those at o, d to zero on the limb 
S N, as in Fig. 2. The deviations for the several points of 
the plate are those observed when these points coincided 
with the southern or upper part of the secondary to the 
equator and meridian ; and the direction of rotation is, as 
before, that of the edge of the plate nearest to the south pole 
of the sphere. 

II. Table, of the deviations of a magnetic needle caused by the 
rotation of a circular plate of iron, when its centre was in the 
secondary to the equator and meridian^ and its plane a tangent 
to the sphere ; the distance as before 9.75 inches. Plate No. L 
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From these observations, combined with the preceding, we 
may infer, that if the centre of the plate were made to de- 
scribe any parallel of latitude, the dexnation due to rotation 
would be nothing when the longitude was 0° or 180°, and a 
maximum when the longitude was 90° or 270®, which is 
precisely the reverse of the absolute deviations that would be 
produced by the plate describing the parallel of latitude. 
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The next experiments which I made, were with the view 
of determining whether the rotation of the plate would pro- 
duce any deviation, when its plane coincided with the equator. 
For th:s purpose an axis was fixed perpendicularly on the 
arm of the instrument in such a manner, that, when the 
plate revolved on it, its plane was parallel to the limb. This 
is represented in fig. 5 : AB is the arm, on the cylindrical 
part of which, B 6, is fixed perpendicularly to it the axis V 
on which the plate of iron, C c, here seen edgewise, revolves. 
A, a, are the two flat pieces, having an opening between 
them for the limb of the instrument; Z is the clamping 
screw, and Y y the circular rim to support the iron plate, 
which are not seen in fig. 1. 

In order to make these observations, it was necessary to 
adjust the whole instrument twice ; since the deviations for 
the longitudes 90® and 270° could not be observed with the 
san^ adjustment as those for the longitudes o® and 180®. 
For the longitudes 90® and 270*, the axis of the instrument 
was horizontal and pointed east and west, as in fig. 3, and 
the moveable limb E AW revolved on the axis until its plane, 
and therefore also that of the iron plate, made an angle of 
90® 30' with the horizon, rising tow’^ards the north ; so that 
the compass being elevated until the centre of the needle was 
in the plane of the plate, the plate was then in the equator. 
For the other longitudes, the axis of the instrument was 
inclined to the horizon at an angle of 19® 30', and in the 
plane of the meridian, as in fig. 2, and the moveable limb 
adjusted at right angles to the fixed one ; the compass was 
then elevated to coincide with the plane of the plate. 

In these experiments the distance of the centre of the iron 
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from the centre of the needle was 13.2 inches; but as its 
edge was only 4.26 inches distant, the differences between 
the deviations corresponding to the several points cm the 
plate were greatly increased ; and therefore, to obviate any 
inaccuracies that might arise, from the points not being 
brought into precisely the same situation when the plate 
revolved in the opposite directions, I increased the number 
of observations, making twenty-four for each position, 
namely, twelve points on the plate, as I have before de- 
scribed, the deviation for any point being observed when 
that point coincided with the line joining the centre of the 
plate and needle. The letters at the tops of the columns 
indicate the direction of rotation of the inner edge of the 
plate, or that nearest the centre of the needle. 



III. Talk of the deviations of a mngnetk needle, caused hy the rotation of a circulai- plate of iron, when its centre was in the equator, 

and its plane in the plane of the equator. Plate No. /. 
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These observations show very clearly, that when the centre 
of the plate is in the equator, and its plane also coincides with 
the plane of the equator, the deviation due to rotation is always 
nothing, since the small differences to be observed here in 
the revolutions in opposite directions are only such as may 
justly be attributed to slight errors in the adjustments of the 
centre of the needle or of the plane of the plate, which are 
almost unavoidable. With regard to the several deviations 
in the different columns, I should notice, that they are not 
those actually observed, but derived from them by subtract- 
ing the same number from all the deviations observed in two 
corresponding columns, so that they indicate the same dif- 
ference of deviations in the two revolutions as those actually 
observed, and therefore give the same deviation due to rotation. 
The necessity of this reduction arose from the circumstance 
of my having to adjust the compass to the proper height, so 
that its centre might be in the plane of the plate, while it was 
under the influence of the partial magnetism of particular 
points in the plate ; and having done this, when zero of the 
compass was brought to coincide with the point of the needle 
it was not necessarily in the magnetic meridian, since the 
needle was under the influence of this partial magnetism ; 
and as I wished the deviations to be those from the meridian, 

I reduced the observed deviations as I have mentioned. 

Being convinced that the rotation of the plate in the plane 
of the equator caused no deviation of the needle, I proceeded 
to determine the effects produced by its rotation in other 
planes. In the first set of observations which I made, the 
centre of the plate was in the meridian, and its plane perpen- 
dicular to the plane of the meridian and passing through the 
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centre of the needle. Before however making these, to 
avoid the necessity of moving the compass as in the last, I 
made a slight alteration in the instrument. Instead of having 
the axis on which the plate revolved perpendicular to the 
arm, and the plate consequently parallel to the limb, this 
axis was inclined in such a manner that the plane of the plate 
passed through the axis of the instrument, as represented 
fig. 6 ; so that the axis of the instrument being horizontal, 
and passing through the centre of the needle perpendicularly 
to the meridian, as in fig. s, when the arm of the instrument 
was adjusted to zero on the limb, the revolution of the limb 
caused the centre of the plate to describe the magnetic 
meridian, and at the same time the plane of the plate always 
passed through the centre of the needle. The distance be- 
tween the centre of the plate and that of the needle was as in 
the last 13.2 inches. The observations are given in the fol- 
lowing table, where the letters above the columns indicate 
the direction of rotation of the plate’s inner edge. 
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IV. Table of the deviation of a magnetic needle, caused by the rotation of a circular plate of iron, when the centre of the plate was ii 
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Here we find, directly contrary to what took place when the 
plane of the plate was a tangent to the sphere, that the devi- 
ation due to rotation increases from the equator to the pole 
where it is a maximum. In this case, however, as in the 
other, the deviations are very nearly equal at equal distances 
on each side of the equator ; so that, as before, it appears 
that the horizontal needle was affected by the rotation of the 
plate, not according to the situation of the centre of the plate 
with respect to the poles and equator of the horizontal 
needle, but with respect to the poles and equator of an ima- 
ginary dipping needle passing through the centre of the 
horizontal needle. 

With regard to the direction of the deviation due to rota- 
tion, it appears, that when the centre of the plate had north 
latitude^ the north end of the needle deviated in the direction 
of the motion of the plate's inner edge; and when it had south 
latitude, the north end deviated in a contrary direction to that of 
the inner edge of the plate, and therefore the south end devi- 
ated in the direction of the inner edge : so that, the end of the 
needle of the same name as the latitude, always deviated in the 
direction of the motion of the platens inner edge. 

Let us compare this with the inference we have drawn 
from the observations in Table I. viz. that when the centre 
of the plate is in the meridian, and its plane a tangent to the 
sphere, the north end of the needle, by the rotation of the 
plate, deviates in the direction of the motion of the south 
edge, and the south end in the direction of the north edge of 
the plate ; that is, either end of the needle deviates in a direc- 
tion contrary to that of the motion of the edge of the plate 
nearest to the pole of the sphere of the same name as that 
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end. Now, if from the position which the plate had in the 
last experiments, namely, its plane passing through the cen- 
tre of the needle, it be conceived to revolve about its dia- 
meter, which is perpendicular to the plane of the meridian, 
until its plane be a tangent to the sphere, the direction of the 
revolution about this diameter being of the inner edge towards 
rile pole of the same name as the latitude of the plate's centre, 
the inner edge will become the edge of the same name as the 
end of the needle, which, in its first position, according to 
our inference from the last observations, deviated in the 
direction of its rotation ; but according to the inference drawn 
from Table 1. the end of the needle of the same name as this 
edge will, in the new position, deviate in a direction contrary 
to that of its rotation ; so that the rotation of the plate being 
in the same direction in both positions, the deviations by rota- 
tion will be in contrary directions in the two cases : and con- 
sequently, between the two positions, the plane of the plate 
must have passed through one in which the rotation would 
produce no deviation. If we conceive the plate to come into 
the position of the tangent plane by revolving about its dia- 
meter in the opposite direction, that is, by the inner edge 
moving towards the pole of a contrary name to the latitude, 
the inner edge will become the edge of the contrary name 
to the end of the needle, which in the first position, deviated 
in the direction of its rotation ; and therefore that end of the 
needle will still continue to deviate in the same direction ; 
that is, the direction of the rotation being the same in the 
two positions, the deviation by rotation will be in the same 
direction in both cases ; and consequently, between the two 
positions, either there is no position of the plane of the plate 
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in which the rotation will produce no deviation, or there axe 
two, or some even number of such positions. 

I have not been able to determine in all cases experimen- 
tally the situation of the plane in which the deviation due to 
rotation vanishes, or w^hether there may be more than one 
plane in which this takes place; but all the observations 
which I have made, confirm me in the opinion which I formed 
on comparing the preceding results, that when the centre of 
the pljde is in the meridian, there is only one plane between 
the tangent plane and the plane passing through the centre 
of the needle in which the deviation due to rotation vanishes, 
and that that plane is parallel to the equator. 

Another conclusion which we may draw from these expe- 
riments compared with those in Table I. is this, that when 
the centre of the plate is in the meridian, and its plane per- 
pendicular both to the meridian and equator, then, supposing 
the plate always to revolve in the same direction, the devi- 
ation will always be in one direction, in whatever point of 
the meridian tlie centre of the plate may be ; for when the 
centre of the plate is in longitude 90°, latitude o. Table I. 
the plane of the plate has this position, and also when in lati- 
tude 90® S. and 90® N. Table IV. and with the same direc- 
tion of rotation, the deviation will be in one direction in these 
two cases. 

As I had already found, that, when the centre of the plate 
was in the secondary to the equator and meridian, and its 
plane a tangent to the sphere, the rotation caused no devi- 
ation of the horizontal needle ; it appeared to me, that there 
ought to be no deviation due to rotation when the plane of the 
plate was in any other plane perpendicular to this secondary. 
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To ascertain how far my views were correct, or otherwise, 
I adjusted the plate on the arm as in fig. 6 . tlie same as in 
ihe last experiments, and the instrument as in fig. a : so that 
the axis JEQ being in the plane of the meridian and inclined 
to the horizon at an angle of 19® go', the centre and plane of 
die plate were, during the revolution of the limb, always in 
the position I required. The distance between the centres of 
the needle and plate was as before 13. a inches. The follow- 
ing Table exhibits the observations which I made ; the letters 
at the tops of the columns indicate the direction of rotation 
of the plate's inner edge ; and the numbers in the first column, 
the points on the plate which coincided with the plane of the 
secondary, when the several directions of the north end of 
the needle in the same lines with them were observed. The 
observations were made at every 10° of latitude, as in some 
cases there was an indication of deviation due to rotation. 
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Althcmgh ihe deviations due to rotation are here in s<me 
cases greater than might perhaps on a first view be expected, 
if in the position in which I have supposed the plate, its 
rotation would really produce no deviation, yet the differ- 
ences are not in any case more than may, I consider, be 
fairly attributed to errors in the adjustments. That the 
deviations, when the plate revolved from south to north, had 
a tendency most generally to be greater than w^hen it re- 
volved in a contrary direction, as is evident by referring to 
the Table, appears at first sight more unfavourable to my 
opinion than the magnitude of the difference ; but on further 
consideration, I think that this will be allowed rather to point 
out the source of the errors in the results, than the incorrect- 
ness of my views, and that these errors arose from the plane 
of the plate not being in those cases perpendicular to the 
plane of the secondary to the equator and meridian. The 
proximity of the edge of the iron to the ends of the needle, 
varying from 5.16 inches to 4*27 inches at the south end, 
and from ^.16 inches to 5.92 inches at the north end, I con- 
sidered to be another source of error ; the inequalities arising 
from the effects of particular joints near the edges of the 
iron on the ends of the needle being the more sensible when 
the distances are small. All my observations were made as 
near to the centre of the needle as the instrument would 
admit, in order that the effects of the rotation, since they 
were in many cases extremely small, might be the more 
sensible ; and by this means I discovered the nature of the 
effects produced on the needle by the rotation of the plate ; 
but I am fully convinced, that for the purpose of comparing 
the results of observation with the conclusions from theory, 
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it is always desirable, that the observations should be made 
when the iron is at such a distance from the centre of the 
needle, that the effects of particular points, near its edges, on 
the ends of the needle are nearly insensible. Taking these 
circumstances into consideration, I was quite satisfied from 
these experiments, that, if the centre of the plate be in the 
secondary to the equator and meridian, and its plane per- 
pendicular to the plane of that circle, the rotation of the 
plate will produce no effect on the absolute deviations caused 
by the mass. 

In order to determine what effects would be produced by 
the rotation of the plate when its centre was in the secondary 
to the equator and meridian, and its plane in the plane of this 
circle, the instrument was adjusted as in fig. i . the index at 
g pointing to 70® 30'; the limb was then placed at 

right angles to SQN, and the arm A B attached to it with 
the iron plate on the axis as in fig. 5 ; and that the centre of 
the needle might be in the plane of the plate, the compass 
box was moved in the direction of the meridian. 

Some of my first observations were made with the centre 
of the plate in the equator, and I immediately found, that the 
deviation due to rotation, instead of being o, as in the cases 
when the plate revolved in the planes at right angles to its 
present position, was here considerable ; and also that, that of 
the south end of the needle was in the direction of the upper, or 
south edge of the plate, contrary to what had been observed 
in the same plane at the pole (Table IV. lat. 90*"). This in- 
dicated that there must be, at least, one point in this circle 
on each side of the pole, where the deviation due to rotation 
was o ; and to determine nearly the latitude of this point, I 
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made observations at every lo® degrees of latitude m eadi 
side of the south pole. Before, however, giving these obser- 
vations, it is necessary that I should state the kind of reliance 
I place on them as forming a complete set. In order to make 
the observations near the pole, it was necessary to adjust the 
instrument as in fig. s- and after having made the complete 
set, I suspected that, in the change from the one adjustment 
to the other, the centre of the plate had been nearer to that 
of the needle in making the observations near the equator, 
than those near the pole ; and that consequently, the deviations 
due to rotation in the former case, were proportionally too 
great. I was confirmed in this suspicion on comparing these 
observations with those which I had, in the first instance, 
made in lat o® and in lat. 90®; and still further on comparing 
them with others, which I subsequently made at the several 
distances 15, 17, 19, 20 inches; in the corresponding situ- 
ations. For example, in my first observations, the deviations 
due to rotation in lat. o®, long. 0°, and in lat. o® long. 180° 
were s"" 10', and s® 14', giving a mean 3° 12' in lat o ; and in 
lat. 90 S, 1° si'; when the centres of the plate and needle 
had been carefully adjusted to the same distance 13.2 inches, 
in the two cases ; whereas the corresponding deviations in 
the table are 3° 43' and 1° 29 and, by Subsequent obser- 
vations, I found the sum of the deviations at the distances 
15, 17, 19 and 20 inches to be in these two cases, 7® 20' and 
3° 32', to which 3® 12' and 1° 31' are very nearly propor- 
tional. As however these differences do not in the least 
affect the conclusions which I at the time drew from this set 
of observation, and they were all made immediately follow- 
each other, I prefer giving them as a complete set for the 
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pmrpose of illustration ; they are contained in the followkig 
Table. The numbers in the first column indicate the points 
cwi the plate which coincided with the line joining the cautres 
of the plate and needle, when the several observations of 
the directions of the north end of the needle were made. Of 
the letters at the tops of the columns, the upper ones indicate 
the direction of rotation of the south, or upper edge of the 
plate, with respect to the points in the horizon; and the 
loxver ones, the direction of the inner edge, or that nearest the 
axis, with regard to the poles of the sphere ; the letters at 
the bottoms of the columns indicate the direction of the devi^ 
ation of the south end of the needle due to rotation. 







.these obwxv«tic»f».-th%..iHr)pi .)!»,- jd^te 
t plsms of- a. .aeccaulai^r to . . the; .,^}mtor 

li^. Tte deviation diK to rotati^ is a inu^tiinuto ihe 
centitxd' tiw ^te is in the equator. > 

sd. It deoeases as the ^ate approaches the pole; is o 
h^we^ the l^tudes scf and 60“, appumtiijr ytary nraffly at 
5S’ ; and fixan this pwnt it inoeases till it attmns a tnaxiinura 
in a ccaitrary directicm at the pole. 

3d. At south pole and cm each «de down to Ae latir 
tude 55*, the deviation of the aarfA end of the needle, due to 
rotation, is in the directicm of the nt^h, or kwer e^ die 
plate : or, from the south pole down to die IsUitude 55*, tlto 
south end of dK! needle moves towards the ^ate, whm die 
inner edge of the plate moves from the smth pole, mdfrm 
the plate when the inner ^ge moves towards tlte soalA p^e. 

41th. From die equator towards either pole as fiur nearly 
as the latitude ss*, the south end of the needle moves in the 
directum of the south edge of the plate ; that is, it moves 
towads the plate when the inner edge of the plato, moves 
towards the south pdie, and from d« plate, wlm diat edge 
moves/nw the south pole ; also tte north end of the imedk 
iwjv^ Urwards the plate, wh«i d» inner edge moves towards 
the north pok, smdjmm the plate, wtei that ed^ njottes 
from the scrdi pok. Ctmsequaitly towards whictev^ p<de 
dK mK«rei%e ntoves, the correspemding aid of d» ne^e 
will mo^ kwards die |^te frmn die equator to die kdtode 
erf 55 ° mid the ccmtmry take hum the lati- 

tude 53* to th» perfe. 
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Jlte'-bf 'ihe^' •i^fia^I't»i^^-''iidt' ^'■'rilTilt^tt^ 
«3W®,lwert^kifei^#^ S^ tJiat tl» 
ratatte db^rved ^ same laws on that side of the 
itft fti'’htfWd^-‘erf^'SOTrth^de. 

Ttie 00 UOH Au to the tiitaiufx. the piste, i^hen its cSii- 

ftW'y-l#'thie'^»ooHdatfy to the equator and meridian, hav&ig 
a • pec^ff dteyaier, naately, two greater maxima when the 
is'itt the ^uatiM*, two less liiaJdma, in a contrary 
direction, whrai the c^tre Is in either jiole, and fbor points 
where it varashes, I consido- to t>e particulariy well adapted 
fi}nBihg an estimate of tihe csorrectness dl any theory 
be adopted for the explanation of the phaeitomena 
ht gf^iertil ; shice the theory must be perfectly compatible 
with these perailiarities, before it can be applied to the expk- 
maicei ^ the kss marked phaenomena. 

-Aa y appKired fitmi these observations, that the point 
isd^sre thfe itevisttion due to rotation vanishes, is not far from 
Mt. ^S*»the cbmpaemartof wWdi, sS°, is nearly half the angle 
of the dip, I wished to asoert^ wither the deviation were 
really' dWfatlttide 5^ 45 ', which I conSideredto be correctly 
Ae co^lement dT half dip 70® sd, although I could nOt 
a^ how &e angle which die plane makes with the horizon 
emild have an influence on an mi^e in the plane itself. The 
fi^oVl4nf :obserVattos show, that in this instance tiie devi- 
atkm *ie=i& -iota^ vafaishes, ot nearly so, when the polar 
Usance of tte t:taHti»"bf -flte i®tte is equal tti half the angle 
wlfidb fliOidippmg'r^tsffld ini*es wift the horizbn. Whelirer 
tto%biid^^lfed «i|ui^ayfidishtai; or is a neoessaiy c«^ 
quenc«<d the manner in which the effect is pn^ubed, mmd 
rkoain feflMM,' 0^ It'catf fee'ttbwn howthe action fidas 




dem^om ^ « magm^ neeMe i^e&tioii 

w^re 

iai^ mmkav *^ ^ mmdtmmdeipkatm-^ md ih 



General law oj the deviation due to rotation de^taedjnm ^ 
experiments. 


Having now ascertained ijie nature of the efects jnro^oed 
09 the berizenml n^dle by the rotation of tJ^ pl«e in ififFe- 
rent pianes, I endeavpin^t to dfacover some general law, at> 
corteg ifen wl»(^ the threetina of the ctevhitian depraided on 
th^diret^ai ^tbetrotaliantd'the plate; so the Htn^at 
of the e^tze .^ the ^te, ^ in whacb it ravcdved, arrf 
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place',.. '' -- . 

_ ^ all the facts wHkA I iiaw» 

^ ™ th® foltowmg maiatp'. 

I r^ tite deviations of the horizontal needle to Ae 4evia> 
tions cd ina^i^ particles in the direction of the dij^ co- «» 
tfcserfadif^g needle passing through its caitre ; OTlh«, 
m wh^er direc^pn dds imaginary dippmg needle would 
ev^ by tte acticm of the inm, the horizontal needle would 
d^ate in such a maimer as to be in the same vertical plane 
with « : thus, when the ncath endof the horizontal needle 
eviates towards the west, and consequeirtly the south «id 
tow^ds the east. I consider that it has obeyed the deviation 
of the axis of the imaginary dipping needle, whoso northern 
extrenuty has deviated towards the west and its souths 
towards ^ eart ; so that the western side of the equator of 

V * ^ ^ deviated towards the south pole of 

the sphere, and its eastern side towards the north pole It 
would follow from tWs. Aat if the north and south sides of 
the^i^tor of the dippii^ needle (referring to these pdnts 
m the horizon) deviated towards the poles, no corresponding 
delation would be observed in the horizontal needle; the 
e ert, in this case, taking place in the meridian, would only 
be rfj^able in the ai^k whtdi the dippng needle made 
the horizon. As it is not my intmticn at jpesait to 
^vance any hypothesis oi the subjeit, I wish this to com- 
only as a method of ccMin^g dl the pfaiemsaasra 
umte ^ general view. Assummg it then for this pm^ose. 

« WiB he found that the deviations of the_ hmizontd medk dm 



pern iU mit^ 

as would be produced 1^ tr ades 
^ — , — „ „j ^ ^magmaty dipping needk dmatmg in &e&^ 

mtm, Aat edge «rf the plate nearest to ei&er efce of dje 

™ 8y to 

^ particular laws wliich I deduced at the time of maUng 
^ expenroents in diflfeent planes, it will be sem lhat they 
ar^comprised under this general law ; but this wiU Z 
rei^red nmre e^^ by ta«ng an instance. 

Diane P^ate is in die meridian, and its 

ofrh • side of the equate 

of the unagmary dipping needle, according to the abore law 
will deviate m a direction contrary to that of the motion of 
the eastern edge of the plate, and consequaitly the northeni 

that of the motion of the plate's northern edge, or it wiU 
delate in the djection in which the southern edge of die 

p e moves. Hence the horizontal needle obeying the 
dev.ato» rf dippi^ ^ of 

end due to the roution of the pUte ivm be in the direction in 

^'4 f <• 4uw 

deduced from the experiments. Table I, 

wtf A 

sc^”d«rtb*’ % ^ exp^iments which I have de- 

•he e«to predneed by rentti... of rt. ^ate ». t41^ 



wsmfle. Aip3f Ife^ wli^- 1 Wi 

^ oil n sl^nd Jtiip #e 

am <rf wWch ihe im^ 

^ diameter <3i the i^se cf tte dipp^| 
gr^dbar^thai the dklalis^ ^ m (fig* i }. bjma 
Spe <mif Im pmi&m^T p 0 j^<ms that I oiuM jofesier^^ tite 
deviatba mvmd hf ti^^ mt^n of the piate. This howe^ar 
* was of less imfKMrtanoe, as I expected that die de^ 
viatkemi of tfippng Beeriie would be less tibn Aom of the 
hcnizootal needle n^ari^ in the ralfo of sin. so' to i, it 
was <Hdy iniJb cai^ in whidh tb^ weiie the that I 

was Iflody to have been able to dtiserve tbem. 

As die dipping naedfe, when in the position of the dip, 
could cdly viterate fa the plane of the meridian, no efect 
coirespcmdiiig to tte demtions of the hxmzonul needle could 
be observpi, dtfer when the caitre of die plate was m the 
mters^otion of die meridian and ^uatca*, and its plane per- 
paadkular to d^ planes of these circles, or whai the centre 
of tte fdate was m the secca^iary to the meridian and equator, 
mi iu |toie fa die fdatie dps i^omdary . In order there- 
fore to ascertain the deviations ^ a needle suspended freely 
by its centre of gravity, corresponding to those of an hori- 
zontal needle, when the plate had those positicms, and which 
I oonsfabrad to be the ptfaopal pcanis to te determined, it 
was neci^gmy $> observe the effect |uoduced on die dipping 
^die when the ceifare of die pla^ was in die eqm^ and 
gadfly ea^ e$t west of the of die needle, and its ptoie 

p^lfel to the pia^ erf vibration of flbe n^le; mi also 
when t^mtre mai vmce fa the pliu^ of vilmaticHi. 

In nblsfag observatkais, the fastrummt was Mjusted 



^ ffe of d» ^ was paiidld to Ae-aa^tic 
^ Ap^ ne^ wad Am phcei as aeatfy as pomble m 
^ requimi po^Am, and dre levdsiwing fectofidljf a#BStedj 
tteneedie-was A^e toTSfaato ftmlyandl^ tesetfle.^ A 
Ac pkto had been made to mrAve seveRd Anes hr Ae satoc 
direction, the pomt toarked o was feoagh* to coaidA! wWi 
the uKer part of a Ifce paralW to dto 

passing tfaroBgh Ae centre of the piate Tl® neeiSe was^ 
then s%htfy agitated, or made to vibrate Aroagh ra m^, 
arc ; and when it settJed, Ae Ap was nsrted hoA at Ae oiaier 
and lower extrmiity, or Ae sowh and ntafA end tito 
needle. This was repeated Ae : pants marfiad eo, xao, 
i8o, 240, SCO. The plate was now made to revolve in the 
dmtrary direction, arid sirndar lAsmvations imuie (ri* Ae An 
of to »edIo wh« to »,e„, ™ ^ 

o, CQmaded wiA the up|wr part of Ae lir® parallel toA» 
imgnetic axis. Ccntmuing Ae pevolutim trf Ae plate in A«r 
Arection, a second set of ob^aticais of Ae dip w«*e 
for the several points from 300 to o. After dns. Ae plate 
was ^ain made to revolve in its first direction, and a secrarf 
set of ^servations made of the dip far Ae points fhan o to 
300. 1 considered Ae mean of all Ae <*smvations in Ae 
^o sets, when the plate revolved from o to ^so, as Ae nEmn- 
dip vdmi Ae plate revolved in Ais dhmiim; Ae^mtori of 
Ae obsm-aAsis in Ae two whm Ae'^Ae tovofred 
tom soQ tojo, as Ae nmn Ap whm Ae pb^ to^t^lved to 
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this direction ; and the diflference between these mean dips as 
the deviation due to the rotation of the plate. 

As I had expmenced that the dipping needle, even when 
of the best construction, was an instrument from which accu- 
rate results <x>uld cmly be obtained by taking a mean of a 
great number of observations, I was aware^that, by maldng 
only two for each point of the plate, I was liable to an error 
in the observations for each point taken separately, but this 
I considered would be counteracted in taking the mean for 
all the points ; so that the mean results could not err far 
from the truth. The dipping needle which I made use of 
was a very good instrument, by Jones, of Charing Cross : the 
needle, made according to Captain Kater’s construction, con- 
sisted of two arcs of a circle ; its length was 7 inches. The 
plate was the same I had used in the experiments with the 
horizontal needle. 

For the better distinguishing of the edges of the plate and 
the direction of its rotation, I conceive two planes at right 
angles to each other to pass through its centre ; one, the 
plane of the equator or a plane parallel to it, which I call the 
equatorial plane ; the other, the plane of the secondary to the 
equator and meridian, or a plane parallel to this secondary, 
which I call the plane of or parallel to the axis. The inter- 
sections of the first plane with the edges of the plate, I call 
the equatorial north and south edges ; and the intersections 
of the second, the polar north and south edges. 

In the following table, the numbers in the first column in- 
dicate the point on the plate which was in the polar south ; 
the inclinations of the needle corresponding to these positions 
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of the pl^ are in fallowing whi^ are m paks^ 

the one showing the iiiclinatkHi indicated, by the southern 
extremity of the needle, the other, th^t by the northern. 

Above the pairs of columns, is indicated the direction in which 
the upper or polar south edge of the pl^te levolved, with re- 
ference to the points in the equator, and al^ the direction in 
which the equatorial south edge of the plate revolved with 
reference to the polar points in the plane of the axis. Under 
the columns, are the mean inclinations of the needle when 
the plate revolved in opposite directions, and below these, the 
mean deviation due to rotation. 

VIII. Table of the inclinations of the dipping needle when the centre of the plate 
was in longitude 0°, latitude 0°, and its plane parallel to the meridian ; so that 
the axis of rotation of the plate was the same as the axis of vibration of the 
needle : the distmice of the centre of the plate from that of the needle being 
9.5 inches, Plate No^ I. 
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Mean deviation due to rotation. o® 40' 


From these observations it appears that, in^this position of 
the plate, the deviation of the upper ^ or south end of the needle, 
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due to rotation, was in the direction in which the north or lower 
edge of the plate revolved, and the deviation of the north or 
lower end of the needle, in the direction of the rotation of the 
upper or south edge of the plate. It would follow from this, 
that if a needle could be suspended freely by its centre of 
gravity, and the centre of the plate were in longitude 90°, 
latitude o®, and its plane at right angles to the meridian ; 
then also, the deviation of the south end of the needle due to 
rotation, would be in the direction of the north or lower edge 
of the plate, and the deviation of the north end, in the direc- 
tion in which the south or upper edge revolved ; which are 
precisely the directions of the deviations of the horizontal 
needle in this position of the plate. (See Table I.) 

The law which I have shown to obtain in all the experi- 
ments on the horizontal needle, viz. that the sides of the 
equator of the imaginary dipping needle always deviated in 
directions contrary to those in which the corresponding edges 
of the plate moved, I had derived previously to having an 
opportunity of making any experiments with the dipping 
needle : a comparison of the above results with this law will 
more fully illustrate its nature, and at the same time show' 
their perfect accordance. In making this comparison, it is 
necessary to notice that, an increase of the dip of the needle, 
corresponds to a deviation of the southern edge of its equator 
towards the south pole, and of the northern edge towards the 
north pole ; and on the contrary, a diminution of the dip cor- 
responds to a deviation of the southern edge of the equator 
towards the north pole, and of the northern edge towards the 
south pole. Now, when the equatorial south edge of the 
plate revolved towards the polar south, and consequently the 
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equatorial north edge towards the north, the inclination 
of the needle was diminishidhy the rotation ; that is, the south 
edge of its equator deviated towards the north pole, and the 
north edge of its equator towards the south pole ; or the edges 
of the equator, by the rotation of the plate, deviated in directions 
contrary to those in which the edges of the plate moved. The 
same conclusion evidently follows from the observations 
when the equatorial south edge of the plate revolved towards 
the polar north, the dip being here increased by the rotation 
of the plate. 

The next observations which I made, were of the inclina- 
tions of the dipping needle, when the plane of the plate was 
in the plane of the meridian or plane of vibration of the dip- 
ping needle. 

IX. Table of the inclinations of the dipping needle, when the centre of the plate 
was in longitude 90°, latitude 0®, and its plane in the plane of the meridian, or 
plane ofvibratiori of the dipping needle ; the distance of the centre of the plate 
from that of the needle being 13,3 inches, Plate No. I. 
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From these observations it appears that, tlie plane of the 
plate being in the plane of vibration of the needle, and its 
centre in the equator, the deviation of the upper or south end 
of the needle, due to rotation y was in the direction of the rota- 
tion of the upper or south edge of the plate, and of the north 
end in that of the north edge ; and we may therefore conclude, 
that if a needle could be freely suspended by its centre of 
gravity, and the centre of the plate were in the equator, and 
its plane in that of the secondary to the meridian and equa- 
tor, the deviation of the south end, due io rotation, would be in 
the direction in which the south edge of the plate revolved, 
and of the north end, in that in whicli the north edge revolved ; 
w ] cb, acain are precisely the directions in which we have 
seen, that the horizontal needle deviated by the rotation of 
the plate in this position. 


X. Table of the inclinations of the dipping needle, when the centre of the plate 
was in latitude 90° South, and its plane in the plane (f the meridian, or plana 
of vibration of the dipping needle ; the distance of the centre of the plate from 
that of the needle being 13.3 inches. Plate 1. 
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• In these observations the edge of the iron plate was not an inch from the south end of the 
needle; so that a very small error in the position of the plate’s centre will account for the dip in 
both directions of rotation being greater than 70° 15', the true dip. 
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Here, contrary to what took place when the centre of the 
plate was in the equator, the deviation of the south end of 
the needle is in the direction in which the Itmer or north edge 
of the plate revolved ; and we may therefore infer, that the 
same would be the case if a needle were suspended freely by 
its centre of gravity, and the plane of the plate were in the 
plane of the secondary to the meridian and equator, its 
centre being in latitude 90® S: which also agrees exactly 
with the directions of the deviaticai of the horizontal needle, 
due to rotation, in this position of the plate. 

It is evident from these diflferent experiments with the 
dipping needle, that whatever may be the peculiar effects 
produced on the iron by its rotation, the deviations of the 
horizontal needle, due to the rotation, are of the same nature 
as those that would arise by referring the deviations of the 
dipping needle to the horizontal plane. 

Further observations with the horizontal needle. 

Although, in order to point out the particular laws accord- 
ing to which the rotation of the iron causes the needle to 
deviate in particular situations of the plate, and tb deduce a 
general law by which the direction of the deviatioh might in 
all cases be determined from the direction of rotation, I have 
been under the necessity of entering into such a detail of the 
experiments, as has already extended this paper beyond the 
limits to which I wished to confine it, I yet think it may not 
be uninteresting to enquire, how far the adoption of parti- 
cular hypotheses may enable us to account for the several 
phaenomena which I have observed. 

I have already stated, that I considered that the deviations 
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arising from the rotation of the plate, when its centre and 
plane are in the secondary to the equator and meridian, are 
those best adapted for forming a comparison with the results 
obtained from theory. In Table VI. I have given a series of 
such observed deviations ; but as I was not quite satisfied 
that in making these observations there had not been some 
small inaccuracies in the different adjustments, when the 
centre of the plate was near the equator and when near the 
pole, I should not on this ground have considered a compa- 
rison with them as altogether conclusive with respect to the 
correctness of any theory. In repeating these experiments, I 
increased the distance of the centre of the plate from that of 
the needle, as, in order to simplify the calculations, it would 
be necessary to neglect certain terms, which would be the 
greater the less was this distance, and consequently if it were 
increased, the neglecting these terms would the less affect the 
results of the calculation as compared with the observations. 
The following Table contains a series of observations similar 
to those in Table VI, but having the centre of the plate re- 
moved to the distance i6 inches from the centre of the 
needle. In making them, the most scrupulous attention was 
paid to the different adjustments, so that I can place entire 
confidence in the results. 
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in ^pkuo/Mi modmy, hpkte kmg molvid i» oppoiiie dmtim ; the ditkmce ^hc&idn of tkpkiefm ^e centre ofh needk being 
\% inches. Bate No. I. 
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Theoretical Investigations. 

It has in general been considered that the different devia- 
tions of the horizontal needle, arising from the action of soft 
iron on it in different positions, can only be accounted for on 
the supposition, that the iron is polarised by position, the 
upper part being a north pole, and the lower a south one, 
each pole of the iron attracting the pole of the needle of the 
same name, and repelling that of a contrary name : but if 
we suppose that each particle of the iron simply attracts in- 
differently either pole of a magnetic particle, and refer the 
attraction of the iron to its centre, then if the angular devia- 
tions of a magnetic particle in the centre of the needle and 
in the line of the dip, arising from such attraction, be reduced 
to the horizontal plane, these reduced deviations will agree 
with the actual deviations of the horizontal needle. In in- 
vestigating theoretically the effects that are produced by the 
rotation of a plate of iron, I will first suppose, that, inde- 
pendently of rotation, the iron acts in this manner, and that 
by the rotation it becomes polarised in a direction, making a 
certain angle with the magnetic axis, since from such a 
polarising of the iron, the law which 1 have shown to include 
all the phaenomena, would evidently result. On this suppo- 
sition, each pole of a magnetic particle in the centre of the 
needle would be urged by an attractive force towards the 
centre of the iron plate, by an attractive force towards the 
pole of a contrary name, and by a repulsive force from the 
pole of the same name in the iron. 

Suppose now that the centre and plane of the plate are in 
the secondary to the meridian and equator, that its centre is 
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to the west of the needle, or in longitude 180® ; and in south 
latitude, as in the observed deviations in Tables A and B, 
and that its upper edge revolves from east to west. Take 
the centre of the needle as the origin of the rectangular co- 
ordinates, the axis x being horizontal, and towards the west, 
that of z upwards, m the direction of the magnetic axis. We 
w8l indicate the north end of the magnetic particle, in the 
c^tre of the needle, on which the iron is supposed to act, by 
N, its south end by S ; the north end of the line joining the 
poles in the plate by », its south end by a-, its centre by y. 
Let the co-ordinates to the centre of this line be a, h; to its 
nordi end h,; to its south end h^; and let t}/ be the 
an^e which this line makes with a line passing through its 
centre, and parallel to the axis z. Also let r be half the 
length of the magnetic particle in the centre of the needle. 

Since the e^ct of any force to turn the particle SN wiU 
be the same, whether it be supposed to act on N in a given 
dii^ction, or on S in the contrary one, we may refer the 
action of the mass of the iron, and likewise the actions of its 
pc^s, wholly to the end S. Calling then m, the magnetic 
force of the earth acting in the direction of the dip ; F the 
§otce of the mass of the iron, and/that of one of its poles on 
S, at the unity of distance ; also the sum of all the forces on 
S resolved in the directions x and x, X and Z, we shall have 

{s7 N?) 

+/• { a,- (■^ + N,l} ■ (s^ + N^>)} 

s OT 4. F . 

^ \ N,l I 

I 

J 



= z 
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If be the laigle wMch, in consequence 4^ the^ forces, tl^ 
magnetic particle makes with the axis or line of the dip* 
that k, its angle of deviation towards the west, we shall have 

Tan.,.'=| (1) 

Let now x be the latitude of the plate’s centre ; R the radius 
of the circle in which the centre of the plate is made to move, 
that is, its distance from the centre of the needle^ Pi half the 
distance between the poles in the iron plate : then 
a =:Rcos. X, h =Rsin. X; 

= R cos. X + p sin. i}', =R sin. x + p cos. 

= R cos. X — p sin. Tp, by = R sin. x — p cos. 4 / ; 


87* = R* -f r® — 2 R r sin.'x, Ny* = R* + ^* + ® Rr sin. X; 
Sv* =:R* -f- r*+p* — 2 Rp sin. + — pcos.>^); 

=:R* -1- r*+p® — aRp sin.(4/ + x)+2?'(Rsin.x— pcos.4')j 
S (T* = R* + r* 4 'p^+ 3 Rp sin. ( 4 / + i ) — 2 r ^ sin. x +p cos. 4 ^); 
N<r* = R* + r*+ p*+ 2 Rp sin. ( 4 ^ + x) -f 2 r(R sin. x 4- P cos. 4^).. 
Substituting these values in the expressions for X and Z, ex- 
panding the several fractions, and neglecting the terms in 
the series after the third, on account of r and p being small 
compared with R, the equation ( 1 ) Will become, 

(2) 

If we call the angle of deviation of the magnetic particle 
when the plate revolves in the opposite direction, that is, its 
upper edge from west to east, we shall have 


zfp c ^ 

, 3 sm. xcos.%+ ^ I 3 sin. . cos.x — sin. ^ I 

an. <p t ) 

-p— + 3 Sia.*x — 1+ r-- J 3 sin. (4. + x) . sin. x — cos. 4^ > 


Tan. <pfs- 


3 sin. X cos. X — • I 3 sin. (4^ — ^) . cos, x— - sin. 4^ |- 

I ~iff( ■ ^ J 

+ 3 I — rpT" | 3 sin. Sta. x + cos. 4 - > 


SF 
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Also if ^ is ihe angle of deviation of tiie magnetic particle 
due to the mass alone of the iron, then 


3 sin. X cos. x 


mR3 

Fr 


+ 3 sm.*x — 1 


W, 


Since when the rotation of the iron produces no effect, 
8BB we must have in this case, 

3 sin. (4^ -f x) . cos. X — sin. 4*' 3 sin. (4> — . x) . cos, x — sin. ^ 

3 sin. (4^ + x) . sin. x— cos. ^ ““ 3 sin, (4' — x) . sin. x + cos. 

whence 

sin. >(/ . cos. 4^ = o. 

The value of which satisfy this equation are o°, 90% 180*=^, 
S70®; and since o® and 180'' would in all cases give <p'=5=<^^ 
these must be excluded; also 4^ = 270° would merely give 
the same value for which 4^ = 90® would give for and 
vice versd ; consequently we have 4^ = 90°. 

If now we reduce the deviations (f>', <p, of the magnetic 
particle in the line of the dip, to the horizontal plane, and 
call the corresponding horizontal deviations d, 9 ^, and the 
angle of the dip S ; then since tan. q> = cos. S tan. 9 , and 
4/ = 90°, the equations (2), (3), (4) will become 


Tan.d^ = 


Tan. 9 , = 


Tan. 9 =- 


2/f 

j 3sm. 2X + -jrpr • (3COS. 2X+ 1) 

, 3 sin. 2 X — (3 cos. 2X -I- 1) 

2 TO R3 7* T Tfp . 

— (S cos. 2 X — 1} — • 3 sm. 2 X 

3 sin. 2 X 


2«tR3 

Fr 


.(3COS.2X— i) 


( 6 ), 

(7), 


The angles 9 ^ 9 , 9 , are the horizontal angles of deviation of 
the south end of the magnetic particle towards the west ; so 
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that the centre the plate being to the xvest oi the needle 
or in lon^tude 180®, the deviation of the north end of the 
horizontal needle ought to be towards the east; which agrees 
with the observations. 

Having determined from observation the value of x when 
the rotation of the plate produces no effect, and the corre- 
sponding value of 5 , we may determine the value of , in- 
dependently of ff ; and the value of may then be deter- 


mined from the observed values of d' and when x = o or 90°. 
Substituting these numerical values for ^nd ^ in the 


equations (5) and (6), we may deduce the values of and B^ 
corresponding to different values of x, and compare them 
with those actually observed. 

From Tables A, B, and also Table VII, it appears that the 
deviation due to the rotation of the plate vanishes when the 
latitude of its centre is very nearly 54° 45^ or as nearly as 
can be determined when s cos. a x + 1 = o, in which case 
x = 54° 44' 08". We shall therefore have from Table A, 


Tan. 9° 09' 10": 


1 3 sin. 109° 28' 16" 

' cos. 70° 15' 2 wR^ 

F r 


Whence 49-9504 = 50 very nearly. 

^.l£l 

When X = o, tan. B' = ; and since ^=4/ 55" 

F r 

and ^=70® 15', we obtain .056524. 


Also when x=9q°, tan. ^ = — ; 

COS.^ 2«R» ’ 


' + 4 


d'=:— 22' 25''; so that, ^ = .059494. 


where 
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Taking a of ^e two^^alues, we shall have, 
.058060 == .058 very nearly. 

The equations (5) and ( 6 ) therefore beoome, 

rp ff I 3 sin. z X .f .058 X (3 cos. z x + i) 

lan. 9 — r^cos. 70* 15" * 51— -3COS.ZX + .058 X 3 sio* 2X 

Y'an d ^ , 3 ^.zx-*^.os 8 X (3 cos. 2x.i> i> 

1 an. 0^ ^ * 51 .« 3 COS.ZX -f- .058 X 3 sin. 2X 

From Table B, we shall in the same manner obtain 


( 5 j, 


=46.0278 = 46 very nearly ; 


.054571 , when X = o, and ^ = .060986, when x= 90 ; 

so that the mean value of ^ is 0.57778 or .058 nearly, the 
same as before. 

The equations (5) and (6) in this case become. 


Tan.d'= 


t ^ 3 sin, z X -f .058 X (3 cos, z x-f i) 

cos. 70® 15' 47—3 cos. zx + .058 X 3 sin. zx 


Tan. 6=- 


3 sin. 2 X — .058 X ( 3 cos, z x -f i ) 


( 6 ,). 


" COS. 47—3 cos. z X — .058 X 3 sin. 2 X 

We will first compare the situations of the points where 
the deviation due to rotation vanishes, as deduced from these 
equations, with the situation as determined by actual obser- 
vation. 

When the deviation due to rotation vanishes 
we shall therefore have from equations (5^) and (6 J 

3 sin, z X 3 cos, z X 4- I 

51 — 3 cos. 2 X 3 sin. 2 X ’ 

whence cos. 2 x = — .2800600 and x = 53* oi 48'^ 

The equations (5^) and (6^) give 


3 sin. 2 X 3 cos, z X 4 » , 

47 — 3 cos. 2 X 3 sin. 2 X » 

whence cos. 2 x = — .2753623 and x = 52® 59' 30^ 

Now I have uniformly found, in repeated observations 
which I have made at different distances, that when the centre 
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of the plate was in latitude 54-® 45 ', the rotation produced 
so little effect, that only in one instance did the mean values 
of d' and differ by a minute ; and therefore cannot but con- 
clude that 54® 45 is, as nearly as can be ascertained by obser- 
vadon, the true value of x whai 6 ' = 6 ^, and that the value 
of X as determined by the theory differs from its value derived 
from observation by i|® or 1^®. 

Let us now compare the values of d', and 6 '— deduced 
from the equations (5 (6j, (5^) ( 6 ^), for different values of 

X, with those actually observed. This comparison is made 
in the following tables, where I have computed the values of 
ft' and ft, to seconds, not that either the observed or computed 
values can be determined to such a degree of accuracy, but 
because the omission of the seconds might in some cases 
affect the value of ft' — ft, by more than a minute. 


Table of the values of 0, and^ — S,, computed from the equations (5^), (6,,) 

compared with their mean observed values in Table A. 


A 

O' 

8, 

j 

Obsoved. 

Cmapttted. 

Oifiereaoe. 

Obficnred. 

Computed. 

DiObeoce. 

Obsenred. 

Computed. 

Diaeieace. 

1 

1 

0 ; V 

+ 47 55 
3 57 20 
6 57 00 
9 03 25 
9 56 20 
9 3» 20 
8 05 15 
5 5 * 35 
2 SI 25 

— * 22 25 

+ 49 

4 22 35 

7 19 21 

9 *7 07 

10 04 49 

9 4 * *9 

8 13 00 

5 51 44 
2 53 4 ^ 

— 2i 51 

+ » «5 
+ *5 «S 
-(■ 12 21 
+ '3 >8 

+ 8 *9 

+ 9 59 
+ 7+5 
+ 0 09 

+ * >5 
+ 0 34 

® / « 
- 47 55 

2 26 40 

5 40 00 

8 03 45 

9 *9 30 
9 21 25 
8 i6 15 

6 19 40 

3 3 * 30 
+ 22 15 

1 

/ 1/ 

4 1 IS 
+ *3 *7 
4 22 21 
4 18 21 
4 14 3 * 
4 13 00 
4 10 35 

4 2 01 
4 2 22 
- 0 34 

0 / « 

1 35 5 <> 
I 30 40 

I 17 00 

5940 

36 50 
09 55 
II 00 
— 28 05 
-4005 
-44 50 

0 / // 

1 $s 50 

I 32 28 
I 17 00 
55 01 
30 48 
06 54 

- 13 5^ 

- 29 si 

- 40 la 

- 43 4 * 

4 2 30 
4 * 58 

0 00 

— 4 39 

— 6 02 

— 3 01 

— 2 50 

— I 52 

— 0 07 
4 I 08 
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tions : and although the results of the theory agree in gene- 
ral very nearly with the observations, and the differences 

in the other values of ^ are not greater than might possibly 
be attributed to errors of adjustment or observation, how- 
ever little I may be disposed to admit the existence of errors 
to this extent, yet the uniform manner in which these values 
decrease, indicates that the effects are not produced in pre- 
cisely the manner we have supposed. In one point our 
theory is unquestionably at variance with the actual circum- 
stances of the case ; for we have supposed that no partial 
magnetism exists in the iron, or that every part of it taken 
separately would equally affect the needle. It is, I believe, 
scarcely possible to procure iron that shall possess this uni- 
formity of action, and it is evident that this was not the case 
with the plate of iron which I made use of. This species of 
polarity in iron is of so variable a nature, since by an acci- 
dental blow it will be transferred from one point to another, 
that it does not appear possible in any manner to submit its 
effects to calculation. It was to prevent these effects embar- 
rassing the results, that I took the mean of twelve observa- 
tions for each position of the plate ; still it is possible that 
some of the differences between the observations and the 
results of the theory may have arisen from this cause. 

As the results of the hypothesis which I have advanced do 
not precisely agree with the observations, it will be proper 
to enquire whether we shall obtain a more perfect agreement 
by means of the hypothesis commonly assumed, in order to 
account for the effects produced on the needle by a mass of 
soft iron, viz. that the upper part of every mass of iron acts 
as a north pole and the lower part as a south pole. Let us 
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then suppose such poles to exist in the iron plate, in the dia- 
meter in the direction of the dip, and that the rotation causes 
the line joining them to describe in the iron an angle 4^ from 
this diameter. The whole effect being now produced by the 
action of these poles, F being equal to o in the equations («) 
and (3), we shall, on this supposition, have. 


Tan. : 


3 sin. (X 4 ^) « cos. X — » sin. 4 ^ 


’MR* 


-f- 3 sin, (X + 4 ') • sin. X — a)s. 4 ' 


Tan. (p^ 


3 sin. (X — 4 ^) . cos. X + sin. 4 > 




+ 3 sin. (x — 4 ^) • sin. X — cos. 4 ^ 


Tan. (p : 


' mR^ 


3 sin. X cos. X 


+ 3 sin.* X— I 


(A 

(s'). 

( 40 - 


These equations being reduced, give, 
Tan. = 


‘ cos ^ 


3 sin. 2 X + tan. 4 ^ (3 cos. 2 X 4 * i) 

w 


Tan. 


Tan. d = 


cos. ^ m R^ 

fe 


— — (3 cos. 2 X— i) +tan 4 ^ • 3 sin. z X 

/ pcos. 4. 

3 sin. 2 X — tan. 4* (3 cos. 2x4-1) 

. ^ ^ ^ 

. r3cos.2X^i) — tan.4.3 sin.2X 

/ pcos. 4 

3 sin. 2 X 


— (3 cos. 2X — i) 


( 5 *). 

( 6 '). 

(n 


which will be precisely the same as ths equations (5), (6), (7), 
if tan. 4 / = and/' p cos. 4^ = ^ F r. 


The numerical values which we should obtain for 0' and 
from these equations, would, in all cases, be exactly the same 
as those which we have already obtained from the equations 
(5) and (6) : so that the agreement between the observations 
and the results from this theory would not be greater than 
in the former case. 

In the explanation of the phaenomena which take place on 
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presenting the different ends of a mass of iron to the poles of 
a magnetic needle, in addition to the hypothesis, that the 
upper part becomes a north, and the lower a south pole, by 
position, it is necessary to suppose also, that in every change 
of position of the iron there is a corresponding and imme- 
diate change of its poles ; that is, the upper end becoming 
the lower, it also immediately becomes a south pole. Now 
it appears to me, that if we attempt to explain, on this hypo- 
thesis, the phasnomena arising from the rotation of the iron, 
we shall find that there are circumstances which are wholly 
incompatible with it. If on turning a mass of iron end for 
end, the poles are immediately transferred from one end to 
the other, how can we suppose that the revolution of the iron 
will cause these poles to move forwards, so that the line 
joining them shall describe an angle from the line of the dip ? 
or even granting that during the revolution of the iron they 
may be carried forward, they must, as soon as the iron 
ceases to revolve, resume their original position in the line 
of the dip, if they are so immediately transferred from one 
end of the iron to the other, as it is necessary to suppose 
in order to account for the phenomena which take place of 
attraction and repulsion, as they have been called. Imme- 
diately, then, that the iron becomes stationary in any position, 
the deviation of the needle ought, on this hypothesis, to be- 
come the same, whether the iron has been brought into that 
position by revolving in one direction, or in the contrary. It 
is hardly necessary for me to say that this would not be the 
case, since I have stated, that, in all the preceding observa- 
tions, the iron was stationary previous to the observation 
being made. 
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Whatever are the effects produced on the iron by its revo- 
lution, so far from these effects being of the transient nature 
which we must suppose them to be on this hypothesis, 
they appear to have been quite permanent, that is, so long 
as the iron remained in the same position. The following 
observation will show the small changes which took place 
during 12 hours. 

In order that the needle might be quite free to move, it 
was suspended in a balance of torsion by a brass wire, of 
the same diameter as the finest gold wire used for transits, 
free from torsion, 21.15 inches long. The plane of the plate 
was in the plane of the secondary to the equator and meri- 
dian, its centre in latitude o® longitude 180® ; and it was fixed 
to a wooden axis passing through its centre perpendicular to 
its plane: the ends of this axis, which revolved with the 
plate, being made of brass, that I might ascertain whether 
the effect was independent of friction on the plate itself. The 
plate was made to revolve in contrary directions, as usual, 
and the direction of the north end of the needle noted, when 
the point 180® on the plate coincided with the upper part of 
a plane parallel to the meridian, and passing through the 
plate's centre. After having made the plate revolve so that 
its upper edge moved from west to east, and noted the direc- 
tion of the north end of the needle when 180® coincided with 
the above plane, it was made to revolve from east to west, 
and 180® being again brought to coincide with this plane, the 
direction of the north end of the needle was noted at diffe- 
rent times for more than 12 hours, the plate remaining 
stationary during that time. 
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CXiectionofiD- 



Time of 
obsenratioa. 

platens 

appae^. 

WtoE 

EtoW 



2 5o£ 

h » 

e 4 > 
rg O.C 

0 04W 

9 35 

Ooo.t- 


2 50 

2 46 

2 44 

10 05 

11 10 

20 35 


2 42 

21 48 

g « 0 

0 02 £ 


22 01 

i«ij 

0 02£ 


22 17 

111* 

Si s Ji 

0 04W 

2 46 

22 28 

22 40 

0 06W 


24 OS 


0 08W 


25 35 

|ls1 


1 22 


^ >3 *H« £ 

^ C (X 


2 42 




2 42 



I During this time the plate was kept per-j 

K ' fectly stationary, and care was taken! 

that the apparatus should not be in thej 
least disturbed. 

After ai** 48® the plate was made to revolve 
slowly once from W to E. 

After making the plate revolve several 
times and more rapidly. 

Making the plate revolve several times 
from E to W. 

Making the plate revolve once so slowly 
that the time of rotation was 3“ 26", 

J The plate kept perfectly stationary since 
I 22*^ 40“. 

f Making the plate revolve through 30® from 
■< W to E, and then bringing it back 30" 
from E to W. 

f Making the plate revolve through oo® fromj 
< W to E, and then bringing it back 90^ 
( from E to W. 

f Making the plate revolve repeatedly andj 
\ rapimy. 


From these investigations it appears, that the effect pro- 
duced on the iron by its rotation is permanent, so long as the 
plate remains stationary ; that it is independent of friction ; 
that it is so far independent of velocity, that the iron can 
scarcely be moved so slowly that the whole effect shall not 
be produced ; and that the whole effect is produced by mak- 
ing it perform only one fourth of a revolution. 

Shortly after I had discovered these pecular effects to be 
produced by the rotation of iron, I pointed out the general 
nature of the phaenomena and exhibited some of them to 
Mr. Barlow, and he has since made some experiments on 
the rotation of spherical shells, in which he has found that 
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phaenomena somewhat analc^ous take place, but they appear 
to be dependent on the velocity with which the shell is made 
to revolve. 

On computing the several values of ^ from the equation 
( 8 ), I found that if the term s cos. I sin. 6 ' sin. were neglected ; 


that is, if ^ were equal to ) 

cal values, so determined, would agree very nearly with 
each other. I was in consequence led to expect that equa- 
tions from which this value of might arise, would give 
values of agreeing more nearly with the observations ; 

and the result fully answered my expections. 

3sm. 2X + -^.(3cos. 2X+ j) 

( 1 °). 

(ii). 

When the deviation due to rotation vanishes or the 

equations (9) and (10) give s cos. 2 a -f. 1 z±: o and A = 54® 44 'j 
which agrees perfectly with the observations. 

From the observations in Table A, we have in this case, 

3 sin; 109° 28' 16'^ 


3 cos. 2X4-1 sin. 4- 6,) 


its numeri- 


If 


Tan. 6 ' = 


and Tan. = 

then we shall have 

Fr _ 



. COS. ^ 

Fr ‘ 

3sin.2X-^ 

. (3 COS. 2x41) 

a OT R 3 


“fT" 

COS S 

_ 3 cos. 2 X -f I 

sin. (6' 4 6 ) 


Tan. 9” 09' 20"=-^^^ 


. COS. 70'' 1 5 


whence = 51.9504 = 52 very nearly. 

When A= o, ~ ~ . cos. I tan. d' = . 061234 ; 

r r 4 F r 

and when x=90, ^ i^’.cos. Jtan. S'=.os729i : 

s r 2 r r 

so that the mean value of ^ is .059262, or nearly ,059* 
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The equations (9) and (10 therefore become 

A# 3 sin, g X + .oj;9 x (3 cos, a X + i) / x , 

1 an. « — 52 cos. 70° 15' ’ 

A 3 sin. 2 X — . 059 X (3 cos. z% + i) , \ 

lan. 0^ — 52 cos. 70® 15' 

In the same manner the observations in Table B give, 

= 48.0278 = 48 nearly, and-^ = .059039= -059 
nearly. 

The equations (9) and (10), in this case, become. 

Tan. Q^— 3 sin. 2 K 4 . o;9 X (3 cos. 2x4-1) 

Tan. 0^ = 3 sin- 2 X ~ . 059 X ( 3 cos. 2x41) 

Table of the values qfh', 6,, and 6' — 0^ computed from the equations (9^), ( 10^) 
compared toith their observed values in Table A. 


1 Observed, i Computed.! Difference. 1 Observed. | Computed. ' Difference. Observed, , Computed, j Difference. 


0 + 47 55i+ 46 io|— 
10 3 57 20\ 4 04 26|4 

20 6 57 00 6 53 20j — 

30 9 03 25I 8 52 5o|— 1 

40 9 56 20 9 49 43;— 

50 9 31 2oj 9 38 02;4 

60 8 05 151 8 18 59'4 ] 

70 5 51 35I 6 00 57j4 

80 2 51 25j 2 59 35 4 

90 — 22 251— 23 05.— 


S— 47 Ssj— 46 104 I 45 I 35 50; I 32 : 

6 2 26 40! 2 36 30 4 9 50! I 30 40! I 27 

o 5 40 00 5 38 06— 1 54! 1 17 oo| I 15 

5 8 03 4sj 7 56 22|— 7 23* 59 40' 56 ; 

3 56, 36 50; 34 ' 
5 SA 09 55; 10 , 


19 30. 9 15 341 


t 9 21 25: 9 27 16,4 5 51! 09 5s; 10 . 

(. 8 16 15! 8 30 I7|4 14 02— n oOj — 11 

i 6 19 40) 6 30 34 4 10 54I— 28 051— 29 

j 3 31 o; 3 41 264 9 56— 40 05 — 41 

3 4 22 2514 23 05 4 o 40— 44 50!— 46 
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Table of the values and 0 ' — 0 , computed from the equations ( 9 ^) ( 10 ^) 

compared with their observed values in Table B. 



6' 

0, 

0'— 0, 

Observed. 

Computed. : DiiOkrence. 

Observed. 

Computed. 

Difference. 

Observed. 

Computed. 

Difference. 



i 

° / u \ 0 1 „ 

0 / « 

0 , H 

^ 0 fl 


® / u 

0 , 

0 

+ 50 28 

+ 50 01] — 0 27 

— 50 28 

50 01 

4 0 27 

I 40 56 

I 40 02 

— 0 54; 

10 

4 30 50 

4 H 43— 6 07 

2 54 52 

? ■*? 5+ 

- 5 18 

> 35 58 

» 35 09 

— 0 49i 

20 

7 38 05 

7 27 24 — 10 41 

6 15 27 

6 06 04 

— 9 23 

I 22 38 

I 21 20 

— I 18 

3Q 

10 07 50 

9 36 27;-— 31 23! 9 03 12 

8 35 29 

— 27 43 

I 04 38 

I 00 58 

1— 3 40 

40 

II 02 12 

10 37 47 — 24 25; 10 23 37jio 00 58 

— 22 39 

38 35 

36 49 

— I 46 

i P 

10 44 55 

10 25 11;— 19 4410 32 35 

10 *3 35 

— 19 00 

12 20 

11 36 

— 0 44 

60 

9 12 10 

8 59 55— 12 15 

9 24 40 

9 12 06 

— 12 34 

— 12 30 

— 12 III 

4 0 19 

70 

6 33 52 

6 30 47 — 3 05! 7 06 20 

7 02 48 

— 3 32 

— 32 28 

— 32 01 

4 0 27 

80 

3 lOv 50 

3 H 3‘i+ 3 4ii 3 56 00 

3 59 SO 

[+ 3 50 

— 45 *0 

— 45 *9 

•— 0 09 

90 

- H 49| 

_ ay 01— 0 12I+ 24 49 
1 ! 

4 25 01 

4 0 I2| 

1 ' 

— 49 38 

— 50 02 

— 0 24 


The agreement between the computed and observed values 
of ft' — ft, also of ft' and ft, in the first table is such, that had I 
been assured of the correctness of the formulas, I should cer- 
tainly not have expected it to be more perfect. In the second 
table, the agreement between the computed and observed 
values of ft'— ft, is equally close, but there is a greater differ- 
ence between those values of the angles ft', ft, themselves. 

In determining the value of from the observation when 
x = 45', and ft' = ft„ I had in the first instance in conse- 

quence of an error in computation, found it 47 instead of 
48, and having computed the several values of ft' and ft, from 
this value of , I found that the difference between these 

and the observed values was less than 8', except in two in- 
stances, in one of which it amounted to 11' and in the other 
to 19'. Now the observations when X = 5o° and x = 6o® 

would give the value of even less than 47“, as will be 



410 


Mr. Christie on the magnetism of 

seen when we compute it for these values of x, which would 
still further diminish these differences. I have therefore no 
doubt that the differences between the computed and ob- 
served values of and 6, in this table are to be attributed to 
an error of about 15' in the observed value of 6' when x = 
54® 45'. The best criterion, however, of the correctness of 
the formulae is in the agreement of the values of the con- 
stants derived from them by means of the observations. 

If we eliminate^ from the equations (9) and (10), we 
shall obtain 

2 mR* 6 sin. 2 X cos. 6' . cos, 6^ , x 

Fr cos. ^ * sin. (6' 4 6^) i ^ 

Substituting in the equations (ii) and (12) the several ob- 
served values of and in tables A and B, we obtain the 
values of and contained in the following table. 
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On comparing together the several values of » and 
also of contained in this table, there can, I think^ be no 

doubt that if the formulae (9) and (10), on which these valu^ 
depend, be not absolutely correct, they will, at least, giv^ in 
all cases, as close approximations to the values of 6 ' and ft, 
that would be obtadned by actual observation, as tihie natui^ 
of the case appears to admit of. It is very possible that 
some modification in the theory which I have examined might 
lead to the omission of the terms 2 cos. x — 1 -f . 3 sin. ^ X 

r r 

in the formulae (5) and (6) ; and should this be the case, that 
the formulas (9) and (10) were to be derived from the theory 
so modified, it would, I think, be a very strong presumption in 
favour of the truth of such a theory. 

Since it appears from all the observations which I have 
detailed, that the direction of the magnetic polarity, which 
iron acquires by rotation about an axis, whether it be at right 
angles to the line of the dip, as would follow from the theory 
w^hich I have investigated, or not, has always reference to 
the direction of the terrestrial magnetic forces, we must infer 
that this magnetism is communicated to it from the earth. It 
does not therefore appear from this, that a body can become 
polarised by rotation alone, independently of the action of 
another body : so that if from these experiments we might 
be led to attribute the magnetic polarity of the earth to its 
rotation, we must at the same time suppose a source from 
which magnetic influence is derived. Is it not then possible 
that the sun may be the centre of such influence, as wdil as 
the source of light and heat, and that by their rotation, the 
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earth and other planets may receive polarity from it ? If so, 
further experiments and observations on the magnetic effects 
produced by the rotation of bodies may indicate the cause of 
the situations of the earth's magnetic poles, and of their 
progressive movements or oscillations. 

Comparison of the magnetical ^ects produced by slow and by 
rapid rotation. 

With the view of ascertaining how far the effects pro- 
duced on a magnetic needle by a plate of iron during its 
rapid rotation, corresponded with those that I have described 
as nearly independent of the velocity of rotation, and as con- 
tinuing after the rotation had ceased, I placed the same plate 
of iron, which I had used in my former experiments, in the 
plane of the magnetic meridian, on an axis perpendicular to 
its plane, and about which it could be made to revolve with 
any velocity, not exceeding lo revolutions in a second. I 
then placed a small compass, with a light needle delicately 
suspended, on a platform wholly detached from the iron 
plate, in certain positions opposite to the edge of the plate, 
both to the east and to the west of it, as near to the surface as 
the compass box would admit. The compass being adjusted, 
the plate was made to revolve once, slowly, so that its upper 
edge moved from north to south, and the point o coinciding 
with the plane perpendicular to the plane of the plate, and 
passing through its centre and that of the needle, the direc- 
tion of the north end of the needle was observed ; and also 
when 180 coincided with the plane, the same observation was 
made. The plate was now made to revolve rapidly in the 
same direction, about 8 times in a second ; and when the 



413 


iron arising fr<m its rotation, 

needle became stationary during the rotation, the direction 
of its north end was observed. The point o on the plate was 
again made to coindde as quickly after the rapid rotation as 
possible, and the direction of the needle observed, in order to 
see if that rotation had produced any permanent change in 
the iron ; the same was done when the point i8o again coin- 
cided. Observations precisely similar to these were made 
when the upper edge of the plate revolved from south to 
north. 

Although the centre of the plate was stationary, and the 
needle was placed in certain positions with respect to it, I 
consider, as before, the situation of the centre of the plate 
with reference to the plane passing through the centre of the 
needle perpendicular to the dip; and its angular distance 
from this plane, the equator, was measured on a circle of 
9 inches radius parallel to the meridian, passing through the 
centre of the needle, and at the distance i .45 inches from it, 
so that the centre of the needle was always at this distance 
from the edge of the plate, east or west. As the needle was 
only two inches in length, and the rim of the compass 
divided into degrees, the direction of the needle could not be 
observed nearer than to 5', and indeed scarcely to that de- 
gree of accuracy. The mode which I was under the neces- 
sity of adopting in adjusting the compass to the several posi- 
tions did not admit of extreme accuracy, so that these 
positions may be considered as liable to errors amounting to 
1^, or perhaps rather more, in angular distance from the 
equator ; but as my principal object was the comparison of 
the deviation due to the slow and rapid rotation of the plate, 
when its centre was in precisely the same position with re- 
spect to that of the needle, this was not very material; it 
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will however accoiiint for any disagreements that may be 
iKitio^ m the absolute deviations in corresponding positions, 
as the ^greatest accuracy of adjustment would be requisite ior 
their perfect agreement, when the plate is so near to the 
poks xd the needle. 

Having asceilained, by the observations when the plate 
was to the west of the needle, that the rapid rotation pro- 
duced no permanent change in the iron beyond that arising 
from the slow rotation, the deviations when any particular 
points of the plate were opposite to the needle being, as near 
as could be expected, the same after the rapid rotation as they 
were after the slow rotation in the first instance, the errors 
being sometimes in excess, sometimes in defect, as will 
appear by inspection of the first table, I did not repeat the 
observations on the effects of the slow rotation after the 
rapid, when the plate was to the east of the needle. 

The following tables contain the observations. The first 
four columns of deviations, are those which were observed 
wh^ the plate was stationary, after having very slowly 
revolved, and also those when the needle pointed steadily 
during the rapid rotations. The deviations in the 5th and 
(Sth €x>lumns are obtained by taking half the difference be- 
tween those in the 1st and 2nd, and between those in the 
srd and 4th columns, as the deviation due to the rotation 
when the plate's upper edge revolved from north to south. 
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Teddies of the deviations of a magnetic n£edle» caused by the rapid rotatdm of 
a plate of iron^ observed during rotaiwny compared with the deviations 
due to the slow roUxtion of tlte plate j and permanent afier the rotation had 
ceased. 

The iron, piaie^ 1 8 inches in diameter, to ike west <fihe compass. 


Aoralar velocity j 

on dieplftte, and 

points opposite Piste’s centce In N. lat. 

to Ae needle 

when plate sta- ' . 

tionary. Upper edge of 


Dnectfoa of the N. end of the needle when plate sta- 
tiooary after slow rotation, and also while the plate 
was rapidly revolving. 


FWe’s centre in S. lat. 


Upper edge of the plate revolving. 


Deviation dne to idic tatar- | 
don of the plate’s upper | 
edge from N to S, when j 
plate's centre was 


o •< 90^ 8 rev. 


^ Slow 
130J 8 rev. 
[slow 

Tsiow 
i4oJ 8 rev. 
j Slow 

fsiow 
160J 8 rev. 
Slow 


14 25 E 

23 40 E 
19 25 E 
*3 55 E 

24 40 £ 
27 30W 

23 00 

24 35 
27 35 
22 40 
41 25 

38 00 

39 »5 
41 25 
38 00 
51 00 

47 00 

48 20 
50 50 
46 55 
60 20 

56 00 

57 25 
60 25 
56 20 

71 25 
66 55 

68 IS 

66 40 
84 10 

80 20 

81 00 

84 10 
80 15 
87 00 
83 45 

85 00 
87 20 
83 55 
83 55 
73 45 
78 20 

83 40 

72 50 


8 loW 1 
2 05 E J ** 
4 40 W II 

2 05 E I 8 

33 20 ) 
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From the inspection of these tables, it appears that the 
forces which are exerted on the needle during the rapid rota- 
tion of the plate, are always in the same direction as the 
forces which are derived from the slowest rotation, and which 
continue to act after the rotation has ceased ; but that the 
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former forces are greater than the latter, there being only 
one instance of the contrary, and that in a position where the 
effects are so small, that a trifling error of observation would 
account for the difference. Taking a mean of all the obser- 
vations, these forces appear to be in the ratio of 19 to is, or 
very nearly s to s. It is evident then that the polarising of 
the iron in the same direction will account for the phaeno- 
inena in both cases, but that the intensity of the polarity 
during the rapid rotation is greater than of that which 
appears to be permanent after the rotation, whether slow or 
rapid, has ceased ; and that the phsenomena observed during 
rapid rotation are such as we should expect from those which 
1 have so fully described as arising from rotation, without 
regard to its velocity. 
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XVII. Some account of the transit instrument made by Mr, 
Dollond, and lately put up at the Cambridge Observatory, 
Communicated April 13, 1825. By Robert Woodhouse, 
A, M. F, R, S, 

Read May 19, 1825* 

As I am inclined to hope that the observations to be made 
at the Observatory lately established at Cambridge may, at 
some future period, be useful to astronomical science, I beg 
leave to send a brief description of our transit telescope, the 
only large instrument which we are at present possessed of. 

The annexed drawings, which I have caused to be made of 
the instrument, will explain its construction. 

Its dimensions are nearly the same as those of the Green- 
wich transit made by Mr. Troughton. 

Ft. In. 

Its focal length is - - - 9 10 

Its aperture - - -05 

The length of the axis between the piers 3 6 

The weight of the instrument is 2oolbs. 

The instrument is counterpoised ; and the whole lengths 
{ 2 inches) of the pivots rest on the Y s. 

Seven fixed wires are placed in the focus of the object 
glass, and two other wires moveable by a micrometer screw ; 
the interval of which wires is equal to the interval between 
any two of the fixed wires, and, equatorlally, is 17*.88, 

The two small graduated circles (see the figure) with 
their spirit levels, fixed near to the eye-piece, are for the 
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purpose of finding a starts place in the niendi^ Each 
circle is furnished with two verniers; one for polar, tfie 
other for zenith distances. 

I wish to add a few words respecting the determining the 
place of the transit room, and the adjusting the instrument to 
the plane of the m^idian ; which, as we had in the begin- 
ning no astronomical point to stand cm, was a matter of some 
trouble. 

Our first object was, if possible, so to fix the site of the 
transit room, that its meridian mark might be placed on the 
steeple of Granchester church, distant to the south about si. 
miles from the field on which the observatory Was to be built. 

The first appro:rimations to such site were made by ad- 
justing the middle wire of a small transit telescope ( i8 indies 
long) to the spire, or iron rod of the steeple, and by com- 
paring the sun's transit with the time brought up by chrono- 
meters from Mr. Catton's observatory at St. John's College. 
Our second approximations were made by observations of 
high and law stars with the small transit instrument above 
mentioned. 

According to the results thus obtained the piers of the 
transit were placed ; and when, in June 1824, the instrument 
was put upon them, were found to be placed with consider- 
able exactness. From the above time observations have 
been ccmstantly made with the instruments described in this 
paper, and with a clock made by Molyneux and Gofe. 

The first operation was to determine the clock'.S rate, 
which was done by observations of the same stars on succes- 
sive days: the next, to deteimiiBB the clock^s errar, which 
was found in the usual way, by deducting the observed 

mdcccxxv. 3 1 
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passages of stars from their tabulated, or computed right 
ascensions. 

The clock's error, as it was to be expected, was found, 
after allowing for its rate, different with different stars ; 
which is a sign of the instrument being out of adjustment in 
some of its parts. The error might be in the line of colli- 
mation ; in the axis not being horizontal ; or, which was pro- 
bably the chief cause of error, in the transit deviating from 
the plane of the meridian. Any one, or two, or all of these 
circumstances might occasion the noted difference in the 
clock's errors. 

For instance, the clock being before sidereal time, its error 
from cc Cygni was found to be less than from « Aquilas. This 
might arise from the western end of the axis being too high, 
or from the line of collimation deviating to the east, or from 
the transit deviating to the west. A single observation such 
as this, or any number of the same stars, would leave us in 
doubt respecting the causes of the want of adjustment ; but 
a third star would lessen this doubt. Thus, if, the clock's 
error after allowing for its rate being from « Cygni 4*. 721, 
and from a Aquilse 4**854, we attributed the difference of 
errors to a defect of horizontality in the axis, the quantity of 
such defect would become known. Let it be expressed by 
H, the clock's error by g ; then for the latitude of Cambridge 
we should have two simple equations between H and g, from 
which both may be found 

— 4.721 g = 1.39 H, St Cygni 

— 4.854 + 6 = .75 H, tf Aquil« ; 
and, accordingly, H = o^2, nearly. 

With this value of H, the error of time for st Urs. maj. 
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would be o*.4288 (ss o».2 x 2144) ; which not being found 
to agree with the observed error (or rather the difference 
of its observed passage and its computed right ascension), 
showed that the difference of the errors of the clock had 
been wrongly, or partially, assigned. 

If we suppose the difference of the errors of the clock to 
arise from two causes — the want of horizontality and the de- 
viation of the transit from the plane of the meridian, then, 
calling the latter deviation H, we have, instead of the former, 
these equations : 

— 4.721 4 - 6 = 1.39 H 4- .185 Z 

— 4.8^4 4-«= -73^:4- .7Z 

to which a third similar equation must be added for « Urs. maj. 

If from such three equations we determined H and Z, we 
might proceed as before, and examine, by means of a fourth 
star, whether it were necessary to suppose the existence of a 
third cause (an error in the line of collimation for instance) 
to account for the differences in the clock's error. 

If C should denote the error of collimation, d t the error of 
time, c the colatitude of the place of observation, ^ the star's 
north polar distance, the general form of the equations for 
determining H, Z, &c. is 


— — 1 “ I - 


rr COS. (C- 


In this way we might consider the subject in all its gene-- 
rality ( as foreign writers express themselves ) ; and from 
observations alone, arrive at a knowledge of the defects of 
the instrument. And this mode of considering the subject is 
not without its use, since it may be applied to recorded and 
ancient observations ; as Bjsssel has done in the case of 
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Brai>ley’:S Gl^arvations, But no pmcticsd astronomer^ I 
apprii^nd, cam be so ^nd of encomntOTng difficulties,^ as to 
adqpt tbki mode tof a^usting bis instrument ; for, if from 
one set of equations he deduced the values of E and C, he 
could not, by reason of his imperfect knowledge manage- 

ment of the screws of his instrument, at once adjust it ; but 
would be again and again obliged to repeat his observations, 
and the solutions of the resulting equations. 

But this is not all. The differences of the clock’s errors 
are the differences of the differences of the observed culmi- 
nations of stars, and their tabulated or computed right ascen- 
sions, and therefore must partake of the uncertainties to 
which the latter quantities are subject. The point to be 
aimed at in adjusting an instrument is, to adjust it by means 

that do not rest on the results of astronomical science. 

/ 

• As a kind of proof of the great vncerimnttf of determining the deviations of the 
instrument by the method of equations, I subjoin the following instance : 


October is, 1504 . 

Tline by Clodc. 

M \ 

Errorsv 


h. m. 8. 

8. 

s. 

et Aquarii 

21 56 52.86 

■ 48-7* 

4.14 

a Pegasi 

22 56 8.74 

4 -4 

4-34 

a. Andromed® 

23 59 27 .7 

23.25 
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whence, the axis being horizontal, and the clock going sidereal time, we have these 
equations : 

— 4M4 + « = .8028 Z + C 

— 4*34 + * = -63+7 Z + 1,032 C 

— 4.45 + •SS.4627Z + 1.114C 

from which, Z =: i*.48, C = t'.sz ; but if ah error of o".i had occurred in the ob- 
servations, or if we suppose the tables to be erroneous to that degree, and the 
second equation had been 

— 4*44 + f 4c .6347 Z + 1.032 C, 

then, instead of the preceding values of Z and C, we should have had these : 

Z = a'.935 
C = 6.033 
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The old methods of adjusting a transit ins^umant ^iorndt 
rest on such results ; and the old method of procee^^i^ seexns 
to me the most sensible one, that of separately and supces- 
sively correcting each cause of d^ective adjustment. 

The axis can be made horizontal, or its defect of hor^on- 
tality known, by the level, the plumb line, or by reflection. 

The line of collimation can be adjusted by means of a small 
object in, or near to, the^horizon. In this operation a small 
defect in the horizontality of the axis will have scarcely any 
effect on the accuracy of the operation. If the mark shoidd, 
for instance, be 2° above the horizon, and one end of the 
axis 5'^ higher than the other, the error in collimating from 
that cause would, in the latitude of Cambridge, be only 
o".i075. The error in the same operation with the pole 
star, supposing it be fixed, would be 1' 11 ".5. 

The third adjustment, which is the most troublesome, is to 
place the transit instrument in the plane of the meridian ; and 
there are two methods of effecting this : one, by high and low 
stars ; the other, by circumpolar stars, or, as it almost always 
happens in practice, by the jpole star. 

The essential difference in these two methods is, that the 
former rests on the results of astronomical science, whilst the 
latter does not so rest ; and this circumstance gives die latter 
a decided advantage over the former, wh^ it is necessary to 
make a nice adjustment. Yet there is not wanting consider- 
able astronomical authority for placing the two methods on a 
level, the one with the other. Baron de Zach, for instance, 
views each as an equally good method ; and in his Tabulae 
speciales Aberr*. et Nut*, gives instances of the adjustment 
of a transit instrument (a 5-feet one by Dollond) ; the first, 
by the comparison of the passages over the meridian of 
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Capella and Rigel ; the second, by the passages of Gapella 
above and below the pole : and the result, equal to a deviation 
of is''- 685 to the east, is in each case the same ; a coincidence 
of marvellous accuracy ; and which, if the observaticms were 
exactly noted, we must suppose to have arisen from a fortui- 
tous balancing of the errors of the observations with those of 
the tables. 

In the method of high and low ^stars I suppose, which is 
almost always the case, that the clock’s error is found by 
subtracting from the observed passage of the star its com- 
puted right ascension. The error may indeed be found by 
equal altitudes^ should the observer possess an altitude and 
azimuth instrument of sufficient accuracy for that purpose. 
But should he not, the adjustment of the transit instrument 
by high and low stars must partake of that uncertainty to 
which we are subject in computing the true apparent right 
ascensions of stars. 

We have only to look at the catalogues of stars by different 
astronomers to be convinced of the existence of such uncer- 
tainty. If, indeed, the tabulated right ascensions differed 
only by a constant quantity, the difference of the errors of the 
clock, on which the method of high and low stars depends, 
would be the same, whether we employed Bessel’s or the 
Greenwich catalogue. But it is otherwise : to instance this, 
on the 8 th October, 1824, the clock going very nearly side- 
real time, the passages of Arcturus and /3 Urs. min*, were as 
follow : 



ninsby Clodc. 

B. by N.A. 

Enor, 

l>y 

Schumacher. 

Error. 

Arcturus 
^ TJrs- min. - 

h. m. s. 

14 7 44.56 
14 51 20.43 

r *. 

40.18 

14.67 

438 

5.76 

39*98 

14.95 

4.58 

5.48 
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Hence for determining the deviations of the transit instru- 
ment we have, respectively, the following equations ; 


By Nautical Almanack. 


4.38 + c = .5657 z 

77 6 S= 1.48 Z 


By Schumacher’s Tables. 


— 4.58 + 6= . 5<>57 Z 

5.48 — € = 1.48 Z 


, Z = 0 «. 98 . 


The value of the deviation (Z) is uncertain then to the 
amount, and more, of half a second of time. From such kind 
of uncertainty, the method of circumpolar stars is entirely 
free ; its characteristic excellence, as it has been already said, 
consists in its being independent of the results of astronomical 
science. 

In what I have said, I must be supposed to speak of the 
exact adjustment of large instruments. The method of high 
and low stars is very convenient, and easily practised ; it in- 
forms us, in the space of a few hours, of the nature and 
degree* of the deviation of the instrument ; and in some cases, 
when the transit instrument is prevented by its situation from 
being directed to stars beneath the pole, it is almost an indis- 
pensable method. 

1 wish to add a few words respecting the adjustment of the 
line of collimation by means of the reversion of the transit 
instrument during the passage of the pole star. This method 
has indeed the air of being philosophical ; but, according to 
my opinion, is neither so easily practised, nor so certain as 
the old method. It is liable to the uncertainty of the times 
of the pole star's passages over the wires ; and always re- 
quires, before and after the observation, the examination of 
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the horizontality of the axis. Without attention to this latter 
circumstance tfe method is worth nothing ; for, if H should 
be the error in horizontality, the coiresponding error in time 
would, in the latitude of Cambridge, be equal to about 28.6 
H. When we adjust according to the old plan, the colli- 
mation by means of an object near the horizon, the opera- 
tion of levelling is not required ; which in large instruments 
is rather a troublesome one; and certainly is not, what 
M, Delambre states it to be, the affair of an instant/'* 
The level indicating the degree of the defect of horizon- 
tality, enables us to correct the time ;‘f' and this correction is 
made on the supposition that the instrument is in the same 
state when the star is observed, as it was during its examin- 
ation by the level. It is therefore, other things being equal, 
expedient to examine by the level, as nearly as it is possible, 
at the time of observation. But this I am unable to do ; as I 
will show, by stating a circumstance rather deserving of 
attention. The tube of the telescope is braced to the axis 
(see the figure) by four tubes. The stations of the two 

♦ II lie laiit pas commencer dkibservations sans avoir rectifi^ rhorizontalite de 
Taxe, ce qui est PaiBure d*un instant. Astron. tom. i, p. 431. 

f Mr. Dollond considers tibe value of 1 division of the scale of the level to be 
equal to 1". I have determined its value astronomically. Previously to a starts 
culmination, 1 lowered the eastern end of the axis 10 or iz divisions, and observed 
the star’s passages across the four first wires. 1 then caused the western end to be 
lowered, and observed the star^s^passages across the three remaining wires, and then 
examined the level. The following are the results : 


^Cephei 

u 

- I.0I4 

a Cygni 

0.9 

JDraconis 

1.005 

tt Cephei 

- .855 

PoUris 

0.9516 Meano''.945i, 
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persons who kvel ure opposite, and contiguous to the scHJth- 
west and north-reast braces. Being in the constant hato of 
examining the meridian mark, in order to know what degree 
df stability the mstrument possesses, I found, after levelling, 
that the south meridian mark was to the east of the middle 
wire. In about 10 minutes the middle wire returned to the 
meridian mark, and bisected it. I noted this circumstance a 
second, third, and fourth time, and then began to inquire 
whether I had conjectured rightly in attributing it to the 
expansion of the tubes or braces. For this end, I placed a 
heated blanket across the south-west and north-east braces, 
and found the meridian mark deviating to the east of the 
middle wire : a contrary effect was produced by placing the 
blanket across the south-east and north-west braces. In these 
trials the object glass was towards the south : contrary 
effects took place when it was turned to the north.* 

As yet I am unable to say whether or not the sun's rays 
falling on the braces, during an observation of his transit, 
affect the accuracy of the observation. I am enquiring into 
that point, and have ordered a screen to be made to protect 
the braces from the rays of the sun. 

After repeated trials, I have been obliged to abandon the 
counterpoises ;*t instead of relieving the instrument, they 
render it unsteady. It has happened with them (as it has 
happened in cases of a different nature), they have overpow- 
ered what they were meant only to assist. 

* The effect 1 have noted is somewhat of the same kind as that which was com> 
plained of in Halley’s transit. See Bradley’s Observations, vol. i, p. a. 

f They are now with Mr. Dolloud, who is endeavouring to remedy their 
defects. 

sK 
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My chief study> since the fixing up of die Instnimmt, ha^ 
be^ to obtain a thcmugh knowledge of it : to find out its 
should' it have any, their nature and degree. Ti® 
ob^rvadons of stars have been chiefly made for, ami have 
serv^ that end ; but they are not, I think, c^erwise useful, 
nor worth registering. 









Wfm On m f By Thomas Weav^, 

; &f, Men^t^the Academy^ of the Rsyd DtMin 

Sackiy, and ef the Wemefim and G^t^eal Smetm* 

Bead May 19, 18^5. 

N^otwithstandiho the frequent occurrence of the remains 
of the gigantic elk in Ireland, it is remarkable that precis 
accounts should not have been kept of all the peculiar dr- 
cumstances under which they occur aitombed in its super- 
ficial strata. To obtain an opportunity of examimng these 
relations had long been my desire ; and as fortunately, dur- 
ing my avocations last autumn in the north of Ireland, a 
discovery came to my knowledge that seemed likely to 
throw light on the subject, I proceeded to its investigation, 
intending, should the results be found deserving of attention, 
to place them on record. These results have proved the 
more interesting, as they apimrmtly lead to the conclusion, 
that this magnificent animal lived in the countries in which 
its remains are now found, at a period of time which, in the 
Wstory of the earth, can be considered only as modem. 

1 had advanced thus far when I became apprized of an 
suiMogous discovery made last year in the west of Ireland by 
the Rev. W. Wkay Maunsell, Archdeacon of limerick ; 
which is not only ccmfirmative of my own experfent^, but 
has the additkmd value of embracing particulars not hitherto 
noticed by any odier observer. Mr, Mauks^ix's researches, 
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elucidated by the able assistance of Mr. John Hart, Member 
dP the Royal College of Surgeons, have been communicated 
from time to time to the Royal Dublin Society in the form of 
letters, and have been entered upon their minutes ; and, it is 
to be hoped, that a distinct publication on the subject may 
hereafter appear, illustrated by a description of the splendid 
specimen of the skeleton of the animal now deposited by the 
liberality of the Reverend Archdeacon in the museum of that 
Society. In the mean time I propose, after giving a concise 
account of my own inquiries, to refer briefly to the more 
prominent points in Mr, Maunsell's discoveries, in as far as 
they bear immediately on the question of the ancient or 
modem origin of those remains. 

The spot which I examined is situated in the county of 
Down, about mile to the west of the village of Dundrum. 
That part of the country consists of an alternating series of 
beds of clay slate and fine grained grey wacke, with occasional 
subordinate rocks, which it is needless at present to mention ; 
the whole distinguished by numerous small contemporaneous 
veins of calcareous spar and quartz, and traversed in some 
places by true rake veins that are metalliferous. Hills of mo- 
derate elevation, from 150 to 300 feet high, are thus com- 
posed. In a concavity between two of these hills is placed 
the bog of Kilmegan, forming a narrow slip, which extends 
about one mile in a nearly N. and S. direction. The natural 
hollow which it occupies appears formerly to have been a 
lake, which in process of time became nearly filled by the 
continued growth and decay of marshy plants, and the con- 
sequent formation of peat. The latter, however, from the 
flooded state of its surface, afforded little advantage as fuel, 
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until thfe present Marquis of Downshire caused a level to be 
brought up from the eastward (part of it being a tunnel), and 
thus laid the bog dry. This measure was attended with a 
two-fold benefit to the tenantry, the provision of a valuable 
combustible, and the discovery of an excellent manure in the 
form of white marl beneath the peat. The latter extends 
from a few feet to twenty feet in depth ; and the subjacent 
marl from one to three, four, and five feet in thickness. The 
marl when fresh dug has partly a grayish tinge, but on 
losing its moisture it becomes white. 

In cutting down the peat to the bed of marl, the remaifts 
of the gigantic elk have frequently been met with ; and 
invariably, as 1 am assured by the concurrent testimony of 
the tenantry, placed between the peat and the marl, or merely 
impressed in the latter. It is stated that at least a dozen 
heads with the branches, accompanied by other remains, 
have thus been found from time to time : but being unfor- 
tunately deemed of no value by the country people, they 
have for the most part been scattered and destroyed. It is 
to be hoped, however, that a sufficient inducement will lead 
them to bestow^ greater care on the preservation of whatever 
remains may be hereafter discovered. 

The marl, upon examination, appears in a great measure 
composed of an earthy calcareous base, containing commi- 
nuted portions of shells ; and that these are all derived from 
fresh water species, is proved by the myriads of these shells 
that remain in the marl, still preserving their perfect forms. 
They are however bleached, very brittle, and retain little 
cd* their animal matter ; but in all other respects they have 
the characters of recent shells. After examining several 
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masses of the marl, I found the whole of the shells rderabk 
to three species, two univalves, and one bivalve : namely, 

1. The helix putris of Linnjeus. See Donovan's British 
Shells, PI. 168, fig. 1, and Lister, Conch. Tab. iss, 
fig. 23. N. B. Of the two, Lister's figure is the more 
exact representation of the shell. 

s. The turbo fontinalis. Donovan, PI. 102. 

3. The tellina cornea. Donovan, PL 96. 

Of these shells some prevail more in one spot than in ano- 
ther ; but generally speaking they appear distributed through 
the upper portion of the marl in nearly equal quantities ; in 
the lower portion they are less frequent, if not altogether 
absent. 

The circumstances which 1 have related seem to remove 
all idea of these remains of the Irish elk being of any other 
than comparatively recent origin. In seeking a cause for 
the nearly constant distribution of these remains in Ireland in 
swampy spots, may we not conjecture that this animal often 
sought the waters and the marshy land as a place of refuge 
from its enemies, and thus not unfrequently found a grave 
where it had looked for protection ? 

The foregoing conjecture appears supported by the follow- 
ing details of circumstances, observed by the Rev. Mr. 
Maunsell in the peat bog of Rathcannon, situated about 
four miles to the west of the town of BrufF, in the county of 
Limerick. This bog covers a space of about twenty planta- 
tion acres, occupying a small valley, surrounded on every 
side by a ridge of the carboniferous or mountain limestone, 
except on the S. W., where it opens into an extensive flat. 
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The peat is from one to two feet thick ; and beneath this is a 
bed of white shell marl, varying from i-| to feet in thick- 
ness, succeeded below by bluish clay marl, of an unascer- 
tained depth, but in one place it was found to exceed is feet. 
This bluish clay marl becomes white, and falls to powder on 
being dried. Coarse gravel is said to occur, partially at 
least, below the marl. 

In this small valley portions of the skeletons of eight indi- 
viduals were found, seven of adult, and one of a young ani- 
mal, all belonging to the gigantic elk. With these also 
occurred the pelvis of an adult animal, probably referable to 
the red deer ; and the skull of a dog, of the size of that of 
an ordinary water spaniel. 

The bones that were first discovered were found at the 
depth of two or three feet below the surface; and Mr. 
Maun SELL had the advantage of seeing them before they 
were displaced. Most of the above mentioned remains were 
lodged in the shell marl ; many of them, however, appeared 
to rest on the clay marl, and to be merely covered by the 
shell marl. But parts of some of the bones were immersed 
in the peat also : these were tinged of a blackish colour, and 
were so extremely soft in consequence of the moisture they 
had imbibed, that it was with difficulty the horns found in 
this situation could be preserved entire ; yet, when carefully 
handled and allowed to dry, they became as firm and hard 
as the rest. 

Some of the bones of the elk showed marks of having 
been diseased ; and one rib had evidently been broken, and 
afterwards reunited. Another rib exhibited a remarkable 
perforation of an oval form, about half an inch long, and 
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caiet-elghth of an inch broad, the longer axis being parallel to 
the side of the rib ; |he margin of this opening was depressed 
on the outer, and raised on the inner surface ; while a bony 
point projected from the upper edge of the rib, which 
ated from its natural line of direction to an extent equal to 
the length of the aperture. The only cause that could have 
produced this perforation is a wound by a sharp instrument, 
which did not penetrate deep enough to prove fatal, and be- 
tw^n which event and the death of the animal a year at 
least must have elapsed, as the edges of the opening are 
quite smooth. 

The bones are so well preserved, that in the cavity of one 
shank bone which was broken, marrow was found, having 
all the appearance of fresh rendered suet, and which blazed 
on the application of a lighted taper. They appear to con- 
tain all the principles to be found in fresh bones, with per- 
haps the addition of some carbonate of lime, imbibed with 
the moisture of the soft marl in which they had lain. 

The remains of the eight individuals were disposed in 
such a manner as to prevent the possibility of referring the 
component parts exactly to each skeleton ; but all the heads 
with their branches were found ; and one specimen is parti- 
cularly fine, displaying the broad expanded palms, with 
almost every antler and projecting point in a perfect state. 
By joining this head to a selection from the other remains, a 
nearly perfect skeleton of the largest size has been formed 
by Mr. Hart ; one rib, a few of the carpal and tarsal bones, 
ami the bones of the tail being only wanting. 

Of the shells found in the white marl many are preserved 
entire ; but the greater part are broken into small fragments. 
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They are all univalves, and belong to fresh water species, 
which exist at the present day. 

It is added, that so frequently have the remains of the 
fossil elk been discovered in the county of Limerick, that one 
gentleman enumerated thirty heads which had been dug up at 
different times within the space of the last twenty years. 

From Professor Henslow's account of the curraghs, or 
peat bogs of the Isle of Man, it would appear that the remains 
of the gigantic elk are there also distributed in a manner 
analogous to that in which they are found in Ireland. That 
gentleman supposes a herd of elks to have perished there ; 
and his description of the white, or grayish marl, in which 
their remains are found, answers in most respects to that of 
the white marl wdiich so frequently forms the sub-stratum of 
the peat bogs in Ireland. 

Upon the whole, the preceding details appear to justify the 
conclusion, that the extinction of the gigantic species of elk 
is attributable rather to the continued persecution it endured 
from its enemies, accelerated perhaps by incidental natural 
local causes, than to a general catastrophe which overwhelmed 
the surface of the globe. In a word, it may be inferred that 
these remains are not of diluvism, but of post diluvian origin. 

T. WEAVER. 


Kenmare, April 12, 1825. 
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XIX. Microscopical observations on the Materials of the Brain, 
and of the Ova of Animals, to show the analogy that exists 
between them, B^ 5 frEvERARDHoME, F.P.R. 5 . Read 
at the Society for promoting Animal Chemistry, April 12, 
1825, 


Read at the Royal Society June $, 1825. 

Half a century ago, when I began my professional educa- 
cation under Mr. Hunter, he was deeply engaged in investi- 
gating the properties of the blood, and ascertaining the 
changes it underwent in different circumstances. His ob- 
ject in this inquiry was to prove that the blood possessed 
within itself a principle of life, by which all these changes 
were regulated. 

By his direction I made the following experiment, which 
proved that when frozen and thawed it had undergone no 
change. 

Two inches in length of the jugular vein distended with 
blood and secured at each end by a ligature, when immersed 
in a cooling mixture and frozen, was found after it was 
thawed to remain fluid, and to coagulate on exposure like 
recently drawn blood. From this fact, which is published 
in his work on the blood, corroborated by many others, he 
concluded that as the principle of life resided in the blood, 
and no change was produced in that fluid by the act of 
freezing, none were to be expected to arise fh)m its action 
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on the other parts of the body ; and had we been able to 
produce the necessary degree of cold, he certainly would 
have tried the experiment. 

From the time of Mr. Hunter's death to that of the ex- 
pedition to the polar circle being fitted out, the subject had 
never recurred to my mind ; it was then revived ; and I had 
no doubt of being fully informed upon its return, whether 
animals after being frozen could be revived ; but in this I 
was disappointed. 

In the winter before last an experiment was made in the 
presence of several Members of this Society, of freezing a 
frog, inclosed in tin foil, in a mixture cooled to zero. The 
frog recovered ; but there was reason to doubt of the brain 
having been frozen ; and this experiment was repeated by 
Mr. Faraday, in the laboratory of the Royal Institution, 
in the presence of Sir H. Davy, Professor Brande, and 
myself, in the following manner. 

Two healthy frogs, nearly of the same size, were sepa- 
rately wrapped up in tin foil, and immersed in a cooling 
mixture at zero. At the end of four hours one of them was 
examined ; the brain and heart were found completely frozen ; 
the other was allowed to thaw gradually, but had no remains 
of life. Upon opening the skull the brain was dissolved, 
and the cavity contained nothing but a watery fluid, with 
some gelatinous matter. 

By this experiment it is decided that an animal whose brain 
has been frozen can never be restored to life. 

Having, in the Croonian Lecture for 1823, illustrated the 
more minute structure of the human brain by three drawings, 
magnified in diflerent degrees by Mr, Bauer, made from a 
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healthy bram very r^^tly after death, I became desirous of 
m siiE^br portion of brain by the act of freezing, 
and than Imvlng dmwings similar to the otters made, to 
show the cs<mtra^ between the two. 

For this pmpose I got Mr. Faraday to incloi^ in tin foil 
a thhi slice of human brain soon after death, then weigh die, 
tin fofl in which it was enveloped in the balance belonging to 
the Royal Institution. After being thus accurately weighed, 
it was immersed in a cooling mixture as low as zero. When 
it had remained there for four hours it was taken out, and the 
tin foil unfolded that it might thaw gradually ; a quantity of 
watery fluid had separated in die act of thawing from the por- 
tion of brain : this was allowed to drain off, and the tin foil 
with its contents was re-weighed, and had lost so per cent, 
from its decomposition. Mr. Bauer's drawings of it in this 
state, magnified in three different degrees, to correspond with 
the otters, are annexed. 

Ihese two sets of drawings establish the real appearance 
of the more minute structure of the brain, and the changes 
that structure undergoes wh&i exposed to the effects of 
having been frozen, and led me on to ascertain the effects of 
freezing upon the molecule of the pullet's egg after it has 
b©Ki imprepiated, that I might ascertain whether the opinion 
I had formed, of its more minute parts corresponding with 
those of the brain, was correct ; and as I have gpven draw- 
ings of the molecules highly magnified, similar drawings 
made after it had been frozen, would ^able me to preserve 
the difference in appearance betwe^ the two. 

To freeze the egg without disturbmg the moleoile, I en- 
closed it in a leaden ca;^, with a cover exactly fitted to it; 
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then exposed 4he molecule, put on the cover, and immersed 
the ^hole into a cold mixture, and ounded it to Kew, that 
Mr, Bauer might represent the 3]^>earsm^ 

EXPLANATION OF PLATE XXVIL 

Fig. 1. A small portion of the cortical and medullary sub^ 
stance of the human brain that had been frozen and thawed, 
magnified 5 times. 

Fig. 2. A part of the above, magnified 25 times. 

Fig. s. A still smaller part of the above, magnified 200 
times. 

These three drawings correspond with three that have a 
a place in the Philosophical Transactions : taken from the 
human brain recently after death, in a natural state. 

Fig. 4- The molecule of the pullet's egg after impregna- 
tion, that had been frozen and thawed, magnified 10 times, 
to correspond with a similar drawing of the molecule in a 
natural state. 



C 4*^0 D 


XX. On new ampounds <f carbon and hydrogen, and on certain 
other products obtained during the decomposition of oil by heat. 
By M. Faraday, F.R.S. Cor. Mem. Royal Academy of 
Sciences of Paris, &c. 

Read June i 6 , 1825. 

The object of the paper which I have the honour of sub- 
mitting at this time to the attention of the Royal Society, is 
to describe particularly two new compounds of carbon and 
hydrogen, and generally, other products obtained during the 
decomposition of oil by heat. My attention was first called 
to the substances formed in oil at moderate and at high tem- 
peratures, in the year 1820 ; and since then I have endea- 
voured to lay hold of every opportunity for obtaining infor- 
mation on the subject. A particularly favourable one has 
been afibrded me lately through the kindness of Mr. Gordon > 
who has furnished me with considerable quantities of a fluid 
obtained during the compression of oil gas, of which I had 
some years since possessed small portions, sufficient to excite 
great interest, but not to satisfy it. 

It is now generally known, that in the operations of the 
Portable Gas Company, when the oil gas used is compressed 
in the vessels, a fluid is deposited, which may be drawn off 
and preserved in the liquid state. The pressure applied 
amounts to 30 atmospheres ; and in the operation, the gas 
previously contained in a gasometer over water, first passes 
into a large strong receiver, and from it, by pipes, into the 
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portable vessels. It is in the receiver that the condensation 
principally takes place ; and it is from that vessel that the 
liquid I have worked with has been taken. Hie fluid is 
drawn off at the bottom by opening a conical valve : at first 
a portion of water generally comes out, and then the liquid. 
It effervesces as it issues forth ; and by the difference of re- 
fractive power it may be seen, that a dense transparent 
vapour is descending through the air from the aperture. 
The effervescence immediately ceases ; and the liquid may 
be readily retained in ordinary stoppered, or even corked 
bottles ; a thin phial being sufficiently strong to confine it. I 
understand that looo cubical feet of good gas yield nearly 
one gallon of the fluid. 

The substance appears as a thin light fluid ; sometimes 
transparent and colourless, at others opalescent, being yellow 
or brown by transmitted, and green by reflected light. It 
has the odour of oil gas. When the bottle containing it is 
opened, evaporation takes place from the surface of the 
liquid; and it may be seen by the striae in the air that 
vapour is passing off from it. Sometimes in such circum- 
stances it will boil, if the bottle and its contents have had 
their temperature raised a few degrees. After a short time 
this abundant evolution of vapour ceases, and the remaining 
portion is comparatively fixed. 

The specific gravity of this substance is o.Ssi. It does 
not solicfify at a temperature of d* F. It is insoluble, or 
nearly so, in water ; very soluble in alcohol, ether, and vola- 
tile and fixed oils. It is neutral to test colours It is not 
more soluble in alkaline solutions than in water ; and only a 
small portion is acted upon by them. Muriatic acid has no 
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action upon it. Nitric acid gradually acts upon it, producing 
nitrous acid, nitric oxide gas, carbonic, and*sonietimes hydro- 
cyanic acid, &c. but the action is not violent. Sulphuric 
acid acts upon it in a very remarkable and peculiar manner, 
which I shall have occasion to refer to more particularly 
presently. 

This fluid is a mixture of various bodies ; which, though 
they resemble each other in being highly combustible, and 
throwing off much smoke when burnt in large flame, may yet 
by their difference of volatility be separated in part from each 
other. Some of it drawn from the condenser, after the pres- ^ 
sure had been repeatedly raised to so atmospheres, and at a 
time when it was at 28 atmospheres, then introduced rapidly 
into a stoppered bottle and closed up, was, when brought 
home, put into a flask and distilled, its temperature being 
raised by the hand. The vapour which came off, and which 
caused the appearance of boiling, was passed through a glass 
tube at o®, and then conducted to the mercurial trough ; but 
little uncondensed vapour came over, not more than thrice 
the bulk of the liquid ; a portion of fluid collected in the 
cold tube, which boiled and evaporated when the temperature 
was allowed to rise ; and the great bulk of the liquid which 
remained, might now be raised to a comparatively high 
point, before it entered into ebullition. 

A thermometer being introduced into another portion of 
the fluid, heat was applied, so as to keep the temperature 
just at the boiling point. When the vessel containing it was 
opened, it began to boil at 60 ° F. As the more volatile por- 
tions were dissipated, the temperature rose : before a tenth 
part had been thrown off, the temperature was above 100®. 



of carbon and hydrogen^ ^c, 443 

Tlie heat continued gradually to rise, and before the substance 
was all volatized, it had attained 350^". 

With the hope of separating some distinct substances from 
this evicimt mixture, a quantity of it was distilled, and the 
vapours condensed at a temperature of o'" into separate por- 
tions, tlie receiver being changed with each rise of 10° in the 
retort, and the liquid retained in a state of incipient ebullition. 
In this way a succession of products were obtained ; but they 
were by no means constant ; for the portions, for instance, 
which came over when the fluid was boiling from 160® to 
170®, when redistilled, began to boil at iso®, and a part re- 
mained which did not rise under 200°. By repeatedly recti- 
fying all these portions, and adding similar products toge- 
ther, I was able to diminish these differences of temperature, 
and at last bring them more nearly to resemble a series of 
substances of different volatility. During these operations I 
had occasion to remark, that the boiling point was more 
constant at, or between 176® and 190®, than at any other 
temperature ; large quantities of fluid distilling over without 
any change in the degree ; whilst in other parts of the series 
it was constantly rising. This induced me to search in the 
products obtained between these points for some deflnite 
substance, and I ultimately succeeded in separating a new 
compound of carbon and hydrogen, which I may by anticipa- 
tion distinguish as bi-carburet of hydrogen. 

Bi-carhuret of hydrogen. 

This substance was obtained in the first instance in the 
following manner : tubes containing portions of the above 
rectified products were introduced into a freezing mixture at 
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liquid it may, like water and some saline solutions, be cooled 
much below that point before any part^ becomes solid. It 
contracts very much on congealing, 9 parts in bulk be- 
coming 8 very nearly ; hence its specific gravity in that state 
is about 0.956. At o® it appears as a white or transparent 
substance, brittle, pulverulent, and of the hardness nearly of 
loaf sugar. 

It evaporates entirely when exposed to the air. Its boiling 
point in contact with glass is 186°. The specific gravity of 
its vapour, corrected to a temperature of 60®, is nearly 40 
Hydrogen being 1; for 2.3 grains became 3.52 cubic inches 
of vapour at 212°. Barometer 29.98. Other experiments 
gave a mean approaching very closely to this result. 

It does not conduct electricity. 

This substance is very slightly soluble in water; very 
soluble in fixed and volatile oils, in ether, alcohol, &c. ; the 
alcoholic solution being precipitated by water. It bums with 
a bright flame and much smoke. When admitted to oxygen 
gas, so much vapour rises as to make a powerfully detona- 
ting mixture. When passed through a red hot tube it gra- 
dually deposits carbon, yielding carburetted hydrogen gas. 

Chlorine introduced to the substance in a retort exerted 
but little action until placed in sun-light, when dense fumes 
were formed, without the evolution of much heat ; and ulti- 
mately much muriatic acid was produced, and two other 
substances, one a solid crystalline body, the other a dense 
thick fluid. It was found by further examination, that neither 
of these were soluble in water ; that both were soluble in 
alcohol— the liquid readily, the solid with more difliculty. 
Both of them appeared to be triple compounds of chlorine. 
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carbon, and hydrogen; but I reserve the consideration of 
these, and of other similar compounds, to another oppor- 
tunity. 

Iodine appears to exert no action upon the substance in 
several days in sun-light ; it dissolves in the liquid in small 
quantity, forming a crimson solution. 

Potassium heated in the liquid did not lose its brilliancy, or 
exert any action upon it, at a temperature of 186®. 

Solution of alkalis, or their carbonates, had no action 
upon it. 

Nitric acid acted slowly upon the substance and became red, 
the fluid remaining colourless. When cooled to 32®, the 
substance became solid and of a fine red colour, which dis- 
appeared upon fusion. The odour of the substance with the 
acid was exceedingly like that of almonds, and it is probable 
that hydrocyanic acid was formed. When washed with 
water, it appeared to have undergone little or no change. 

Sulphuric acid added to it over mercury exerted a moderate 
action upon it, little or no heat was evolved, no blackening took 
place, no sulphurous acid was formed ; but the acid became 
of a light yellow colour, and a portion of a clear colourless 
fluid floated, which appeared to be a product of the action. 
When separated, it was found to be bright and clear, not 
affected by water or more sulphuric acid, solidifying at about 
34 *", and being then white, crystalline, and dendritical. The 
substance was lighter than water, soluble in alcohol, the 
solution being precipitated by a small quantity of water, but 
becoming clear by great excess.* 

* The action of sulphuric add on this and the other compounds to be described, 
is very remakable. It t$ frequently accompanied with heat ; and large quantities of 
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With regard to the composition of tibis substance, my ex- 
periments tend to prove it a binary compound of carbon and 
hydrogen, two proportionals of the former element being 
united to one of the latter. The absence of oxygen is proved 
by the inaction of potassium, and the results obtained when 
passed through a red hot tube. 

The following is a result obtained when it was passed in 
vapour over heated oxide of copper. 0.77S grains of the 
substance produced 5.6 cubic inches of carbonic acid gas, at 
a temperature of 60®, and pressure S9.98 inches ; and 0.58 
grains of water were collected. The 5.6 cubic inches of gas 
are equivalent to 0.711704 grains of carbon by calculation, 
and the 0.58 grains of water to 0.064444 of hydrogen. 
Carbon . . 0.711704 or 11.44 

Hydrogen . 0.064444 or 1. 

These quantities nearly equal in weight the weight of the 
substance used ; and making the hydrogen 1, the carbon is 
not far removed from 12, or two proportionals. 

those bodies which have elasticity enough to exist as vapours when alone at common 
pressures, are absorbed. No sulphurous acid is produced ; nor when the acid is 
diluted, does any separation of the gaj, vapour or substance take place, except of a 
small portion of a peculiar product resulting from the action of the acid on the 
substances, and dissolved by it. The acid combines directly with carbon and 
hydrogen ; and I find when united with bases forms a peculiar class of salts, some- 
what resembling the sulphovinates, but still different from them. I find also that 
sulphuric acid will condense and combine with olefiant gas, no carbon being sepa- 
rated, or sulphurous or carbonic acid being formed ; and this absorption has in 
the course of i8 days amounted to 84.7 volumes of olefiant gas td 1 volume of sul- 
phuric acid. The acid produced combines with bases, &c. forming' peculiar salts, 
which I have not yet had time, but which it is my intention, to examine, as well as 
the products formed by the action of sulphuric acid on naphtha, essential oils, &c. 
and even upon starch mid lignine, in frie production of sd^, gunr; dtc. where no 
carbcmization takes place, but where similar results seem to occur. 
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Four other experiments gaye results all approximating to 
the above. The mean result was i hydrogen, 1^.57^ carbon. 

Now considering that the substance must, according to the 
manner in which it was prepared, still retain a portion of the 
body boiling at 186^^, but remaining fluid at 0°, and which 
substance I find, as will be seen hereafter, to contain less 
carbon than the crystalline compound, (only about 8.25 to 
1 of hydrogen, ) it may be admitted, I think, that the con- 
stant though small deficit of carbon found in the experiments 
is due to the portion so retained ; and that the crystalline 
compound would, if pure, yield 12 of carbon for each 1 of 
hydrogen ; or two proportionals of the former element and 
one of the latter. 

a proportionals carbon . is 1 ^ bi-carburet of hydrogen. 

1 hydrogen i ) 

This result is confirmed by such data as I have been able 
to obtain by detonating the vapour of the substance with 
oxygen. Thus in one experiment 1092 mercury grain mea- 
sures of oxygen at 62® had such quantity of the substance 
introduced into it as would entirely rise in vapour; the 
volume increased to 8505, hence the vapour amounted to 413 
parts, or of the mixture nearly. Seven volumes of this 
mixture were detonated in an eudiometer tube by an electric 
spark, and diminished in consequence nearly to 6.1 : these 
acted upon by potash were further diminished to 4, which 
were pure oxygen. Hence 3 volumes of mixture had been 
detonated, of which nearly o.S4 was vapour of the sub- 
stance, and 2.65 oxygen. The carbonic acid amounted to 2,1 
volumes, and must have consumed an equal bulk of oxygen 
gas ; so that 0.55 remain as the quantity of oxygen which 



450 Mr. Faraday on new compounds 

has combined with the hydrogen to form water, and which 
with the o,S4 of vapour nearly make the diminution oio.g. 

It will be seen at once that the oxygen required for the 
carbon is four times that for the hydrogen ; and that the 
whole statement is but little different from the following 
theoretical one, deduced partly from the former experiments. 
1 volume of vapour requires 7.5 volumes of oxygen for its 
combustion; 6 of the latter combine with carbon to form 
6 of carbonic acid, and the 1.5 remaining combine with 
hydrogen to form water. The hydrogen present therefore 
in this compound is equivalent to s volumes, though con- 
densed into one volume in union with the carbon ; and of the 
latter elements there are present six proportionals, or 56 by 
weight. A volume therefore of the substance in vapour 
contains 

Carbon - 6 x 6 = 

Hydrogen - 1 x s = S 

39 

and its weight or specific gravity will be 39, hydrogen 
being 1. Other experiments of oq; same kind gave results 
according with these. 


Amcaig the liquid products obtained from the original 
fluid was one which, procured as before mentioned, by sub- 
mitting to o® the portion distilling over at 180® or 190°, 
corresponded with the substance already described, as to 
boiling points, but differed from it in remaining fluid at low 
temperatures; and I was desirous of comparing the two 
together. I had no means^of separatmg this body from the 
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l>i-carburet of hydrogen, of which it would of course be a 
saturated solution at o°. Its boiling point was very constantly 
186'’. In its general characters of solubility, combustibility, 
action of potassium, &c. it agreed with the substance already 
described. Its specific gravity was 0.86 at 60®. When 
raised in vapour 1.11 grain of it gave 1.57s cubic inches of 
vapour at 213°, equal to 1.212 cubic inches at 60®. Hence 
100 cubic inches would weigh about 91.6 grains, and its 
specific gravity would be 43.25 nearly. In another experi- 
ment, 1.72 grains gave 2.4 cubic inches at 212®, equal to 
1.849 cubic inches at 60°; from which the weight of 100 
cubic inches would be deduced as 93 grains ; and its specific 
gravity to hydrogen as 44 to 1. Hence probably the reason 
why, experimentally, the specific gravity of bi-carburet of 
hydrogen in vapour was found higher, than by theory it 
would appear to be when pure. 

Sulphuric acid acted much more powerfully upon this sub- 
stance than upon the bi-carburet : great heat was evolved, 
much discolouration occasioned, and a separation took place 
into a thick black acid, and a yellow lighter liquid, resisting 
any further action at common temperatures. 

0.64 grains of this substance were passed over heated 
oxide of copper ; 4.51 cubic inches of carbonic acid gas were 
obtained, and 0.6 grains of water. The carbonic acid and 
water are equivalent to 

Carbon - 0.573176, or 8.764 

Hydrogen - 0.066666 1. 

but as the substance must have contained much bi-carburet 
of hydrogen, it is evident that, if in a pure state, the carbon 
would fall far short of the above quantity, and the compound 
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would approximate of course to a simple carburet of hydrogen 
ojutaimng single proportbnals. 

New carburet of hydrogen. 

Of the various other products from the condensed liquor, 
the next most definite to the bi-carburet of hydrogen appears 
to be that which is most volatile. If a portion of the original 
liquid be warmed by the hand, or otherwise, and the vapour 
which passes off be passed through a tube at o®, very little 
uncondensed vapour will go on to the mercurial trough ; but 
there will be found after a time a portion of fluid in the 
tube, distinguished by the following properties. Though a 
liquid at o®, it upon slight elevation of temperature begins to 
boil, and before it has attained 32®, is all resolved into vapour 
or gas, which may be received and preserved over mercury. 

This gas is very combustible, and burns with a brilliant 
flame. The specific gravity of the portion 1 obtained was 
between 27 and s8, hydrogen being 1 : for S9 cubic inches 
introduced into an exhausted glass globe were found to in- 
crease its weight 22.4 grains at 60° F. bar. 29.94* Hence 
100 cubic inches weigh nearly 57.44 grains. 

When cooled to o® it condensed again, and inclosed in this 
state in a tube of known capacity, and hermetically sealed 
up, the bulk of a given weight of the substance at common 
temperatures was ascertained. This compared with water 
gave the specific gravity of the liquid as 0.627 at 54°. It is 
therefore among solids or liquids the lightest body known. 

This gas or vapour when a^tated with water is absorbed 
in small quantities. Alcohol dissolves it in Isurge quantity ; 
and a solution is obtained, which, upon the additicm of water, 
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effervesces, and a considerable quantity of the gas is liberated* 
The alcoholic solution has a peculiar taste, and is nc^al 
to test papers. 

Olive oil dissolves about six volumes of the gas. 

Sc^ution of alkali does not affect it ; nor does muriatic add. 

Sulphuric acid condenses the gas in very large qiiantity ; 
1 volume of the acid condensing above too volumes of the 
vapour. Sometimes the condensaticm is perfect, at other 
times a small quantity of residual gas is left, which bums 
with a pale blue flame, and seems to be a product of too 
rapid action. Great heat is produced during the action ; no 
sulphurous acid is formed ; the acid is much blackened, has 
a peculiar odour, and upon dilution generally becomes 
turbid, but no gas is evolved. A permanent compound of 
the acid with carbon and hydrogen is produced, and enters 
as before mentioned into combination with bases. 

A mixture of a volumes of this vapour with 14 volumes of 
pure oxygen was made, and a portion detonated in an eudio- 
meter tube. 8.8 vcduraes of the mixture diminished by the 
spark to 5.7 volumes, and these by solution of potash to 1.4 
volumes, which were oxygen. Hence 7.4 volumes had been 
consumed, consisting of 


Vapour of substance 

1.1 

Oxygen - - - 

e.s 

Carbonic acid formed 

4.3 

Oxygen in carbonic acid 

4.8 

Oxygen combining with hydrogen 

2.0 

Diminution by spark 

3.1 

This is nearly as if 1 volume of the vapour or gas hsui 
r^uired 6 volumes of oxygen, had ccmsumed 4 of them m 
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producing 4 of carbonic add gas, and had occuiaed Ae other 
s by 4 of hydrogen to form water. Upon whidi view, 
4 volumes or proportionals of hydrogen = 4, are combined 
with 4 proportionals of carbon = S4, to form one volume of 
the vapour, the specific gravity of which would therefore be 
SS 8 . Now this is but little removed from the actual specific 
gravity obtained by the preceding experiments ; and know- 
ing that this vapour must contain small portions of other 
substances in solution, there appears no reason to doubt that, 
if obtained pure, it would be found thus constituted. 

As the proportions of the elements in this vapour appear 
to be the same as in olefiant gas, it became interesting to 
ascertain whether chlorine had the same action upon it as on 
the latter body. Chlorine and the vapour were therefore 
mixed in an exhausted retort : rapid combination took place, 
much heat was evolved, and a liquor produced resembling 
hydro-chloride of carbon, or the substance obtained by the 
same process from olefiant gas. It was transparent, colour- 
less, aiid heavier than water. It had the same sweet taste, 
but accompanied by an after aromatic bitterness, very per- 
sistent. Further, it was composed of nearly equal volumes 
of the vapour and chlorine; it could not therefore be the 
same as the hydro-chloride of carbon from olefiant gas, 
since it contained twice as much carbon and hydrogen. It 
was therefore treated with excess of chlorine in sun-light: 
action slowly took place, more chlorine combined with the 
substance, muriatic acid was formed, and ultimately a fluid 
tenacious triple compound of chlorine, carbon, and hydrogen 
was obtained ; but no chloride of carbon. This is a remark- 
able circumstance, and assists in showing, that though the 
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elements are the same, and in the same proportions as in 
olefiant gas, they are in a very different state of combination. 

The tension of the most volatile part of the condensed oil 
gas liquid, and indeed of the substance next beneath olefiant 
gas in elasticity existing in the mixture constituting oil gas, 
appears to be equal to about 4 atmospheres at the tempera- 
ture of 6q* To ascertain this a tube was prepared, like the 
one delineated in the sketch, Fig. i, containing a mercurial 



gauge at a. c, and the extremities being open. It was then 
cooled to 0 * from a to 6, and in that state made the receiver 
into which the first product from a portion of the original 
fluid was distilled. The part at b was then closed by a spirit 
lamp ; and having raised enough vapour to make it issue at 


N<^e. The particular inclmation of the parts of the tube one to another was 
given, that the fluid when required might be returned from a to d without passing 
ontoh. 
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€, that was also closed. Tlie instrument now placed as at 
Fig. s, had a and d Cooled to o®, whilst the fluid collected in 
h was wanned by the hand or the air ; and when a portion 
had collected in d sufBcient for the purpose, the whole instru- 
ment was immersed in water at 6o*; and before the vapour 
had returned and been all dissolved by the liquid at 6, the 
pressure upon the gauge within was noted. Sometimes the 
fluid at d was rectified by warming that part of the tube, 
and cooling a only, the reabsorption at h being prevented or 
rather retarded, in consequence of the superior levity of the 
fluid at d, so that the first portions which returned to b lay 
upon it in a stratum, and prevented sudden solution in the 
mass below. This difference in specific gravity was easily 
seen upon agitation, in consequence of the striae produced 
during the mixture. 

Proceeding in this way it was found, as before stated, that 
the highest elastic power that could be obtained from the 
substances in the tube, was about 4 atmospheres at 60® ; and 
as there seems no reason to doubt, but that portions of the 
most volatile substances in oil gas beneath olefiant gas were 
contained in the fluid, inasmuch as even olefiant gas itself is 
dissolved by it in small proportions, it may be presumed 
that there is no substance in oil gas much more volatile than 
the one requiring a pressure of 4 atmospheres at 60®, except 
the well known compounds ; or, in other words, that there is 
not a series of substances passing upwards from this body to 
olefiant gas, and possessing every intermediate degree of 
elasticity, as there seems to be from this body downwards, to 
compounds requiring 350® or soo® for their ebullition. 

In reference to these more volatile products, I may state 



of carbon and hydrogen, 457 

that I have frequently observed a substance come over in 
small quantity, rising with the vapour which boils off at 50® 
or 60®, and crystallizing in spiculse in the receiver at o®. A 
temperature of 8® or 10° causes its fusion and disappearance. 
It is doubtless a peculiar and definite body, but the quantity 
is extrmely small, or else it is very soluble m the accompa- 
nying fluids. I have not yet been able to separate it, or 
examine it minutely. 

I ventured some time since upon the condensation of vari- 
ous gases,* to suggest the possibility of forming a vapour 
lamp, which containing a brilliantly combustible substance, 
liquid at a pressure of two, three, or four atmospheres at 
common temperatures, but a vapour at less pressure, should 
furnish a constant light for a length of time, without requiring 
high, or involving inconstant, pressure. Such a lamp I have 
now formed, feeding it with the substance just described ; 
and though at present it is only a matter of curiosity, and 
perhaps may continue so, yet there is a possibility that pro- 
cesses may be devised, by which the substance may be formed 
in larger quantity, and render an application of this kind 
practically useful. 

On the remaining portions of the condensed oil gas liquor. 

It has been before mentioned, that by repeated distillations 
various products were obtained, boiling within limits of tem- 
perature which did not vary much ; and which when distilled 
were not resolved into other portions, differing far from each 
other in volatility, as always happened in the earlier distilla- 
tions. Though conscious that there were mixtures, perhaps 
* Quarterly Journal of Science, XVI. 240. 
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of unknown bodies, and certdnly in unknown proportions ; 
yet experiments were made on their composition by passing 
them over oxide of cdpper, in hopes of results which might 
assist in suggesting correct views of their nature. They all 
appeared to be binary compounds of carbon and hydrogen, 
and the following table exhibits the proportions obtained : 
the first column expressing the boiling temperature at which 
the products were distilled, as before mentioned ; the second 
the hydrogen, made a constant quantity ; and the third the 
carbon. 


140® 

- 

1 

- 

7.58 

150® 

- 

1 

- 

8.38 

160® 


1 

- 

7.90 

176® 

- 

1 

- 

8.25 


- 

1 

- 

8.78 

200® 

- 

1 

- 

9.17 

210® 

- 

1 

- 

8.91 

220® 

- 

1 

- 

8.48 


These substances generally possess the properties before 
described, as belonging to the bi-carburet of hydrogen. 
They all resist the action of alkali, even that which requires 
a temperature above 250“ for its ebullition ; and in that point 
are strongly distinguished from the oils from which they are 
produced. Sulphuric acid acts upon them instantly with 
phenomena already briefly referred to. 


Dr. Henry, whilst detailing the results of his numerous and 
exact experiments in papers laid before the Royal Society, 
mentions in that read February 22, 1821,* the discovery 

^ Philosophical Transactions. 
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made by Mr. Dalton, of a vapour in oil gas of greater spe- 
cific gravity than olefiant gas, requiring much more oxygen 
for its combustion, but yet condensible by chlorine. Mr. 
Dalton appears to consider all that was condensible by 
chlorine as a new and constant compound of carbon and 
hydrogen ; but Dr. Henry, who had observed that the pro- 
portion of oxygen required for its combustion varied from 
4,5 to 5 volumes, and the quantity of carbonic acid produced, 
from 2,5 to 3 volumes, was inclined to consider it as a mix- 
ture of the vapour of a highly volatile oil with the olefiant 
and other combustible gases; and he further mentions, 
that naphtha in contact with hydrogen gas will send up such 
a vapour ; and that he has been informed, that when oil gas 
was condensed in Gordon's lamp, it deposited a portion of 
highly volatile oil. 

A writer in the Annals of Philosophy, N. S. III. 37, has 
deduced from Dr. Henry's experiments, that the substance, 
the existence of which was pointed out by Mr. Dalton, was 
not a new gas sui generis, “ but a modification of olefiant 
gas, constituted of the same elements as that fluid, and in 
the same proportions, with this only difference, that the 
compound atoms are triple instead of double:" and Dr. 
Thomson has adopted this opinion in his Principles of Che- 
mistry. This, I believe, is the first time that two gaseous 
compounds have been supposed to exist, differing from each 
each other in nothing but density ; and though the propor- 
tion of 3 to 2 is not confirmed, yet the more important part 
of the statement is, by the existence of the compound de- 
scribed at page 452, which though composed of carbon and 

MDCCCXXV. 3 O 
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hydrogen in the same proportion as in olefiant gas, is of 
double the density.* 

It is evident, that the vapour observed by Mr. Dalton 
and Dr. Henry must have contained not only this compound, 
and a portion of the bi-carburet of hydrogen, but also por- 
tions of the other, as yet apparently indefinite substances ; 
and there can be no doubt that the quantity of these vapours 
will vary from the point of full saturation of the gas, when 

• In referende to the existence of bodies composed of the same elements and in the 
same proportions, but differing in their qualities, it may be observed, that now we 
are taught to look for them, they will probably multiply upon usi I had occasion 
formerly to describe a compound of olefiant gas and iodine (Phil. Trans. CXI. 72), 
which upon analysis yielded one proportional of iodine, two proportionals of carbon, 
and two of hydrogen, (Quarterly Journal, XIII. 429). M. See am as, by the action 
of potassium upon an alcoholic solution of iodine, obtained a compound decidedly 
different from the preceding in its properties ; yet when analysed, it yielded the same 
elements in the same proportions, (Ann. de Chimic, XX. 245, XXII. 172). 

Again. MM. Liebig and Gat Lussac, after an elaborate and beautiful investi* 
gation of the nature of fulminating compounds of silver, mercury, &c. were led 
to the conclusion that they were salts, containing a new acid, and owed their explo- 
sive powers to the facility with which the elements of this acid separated from each 
other. (Annales de Chimie, XXIV. 294, XXV. 285). The acid itself being com- 
posed of one proportional of oxygen, one of nitrogen, and two of carbon, is equiva- 
lent to a proportional of oxygen -f a proportional of cyanogen, and is therefore 
considered as a true cyanic acid. But M. Won lee, by deflagrating together a 
mixture of ferro-prussiate of potash and nitre, has formed a salt, which, ac- 
cording to his analysis, is a true cyanatc of potash. The acid consists of one pro- 
portion of oxygen, one of nitrogen, and two of carbon. It may be transferred to 
various other bases, as the earths, the oxides of lead, silver, &c. ; but the salts 
formed have nothing in common with the similar salts of MM. Liebig and Gat 
Lussac, except their composition, (Gilbert’s Annalen, LXXIIL 157. Ann. 
de Chimie, XXVII. 190), M. Gat Lussac observes, that if the analysis be cor- 
rect, the difference can only be accounted for by admitting a Cerent mode of 
emnbination. 
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standing over water and oil, to unknown, but much smaller 
proportions. It is therefore an object in the analysis of oil 
and coal gas, to possess means by which their presence and 
quantity may be ascertained ; and this I find may be done 
with considerable exactness by the use of sulphuric acid, oil, 
&c. in consequence of their solvent power over them. 

Sulphuric acid is in this respect a very excellent agent. It 
acts upon all these substances instantly, evolving no sul- 
phurous acid ; and though, when the quantity of substance is 
considerable as compared with the acid, a body is left unde- 
composed by, or uncombined with the acid, and volatile, so 
as constantly to afford a certain portion of vapour ; yet when 
the original substance is in small quantity, as where it exists 
in vapour in a given volume of gas, this does not interfere, in 
consequence of the solubility of the vapour of the new com- 
pound produced by the action of the acid in the acid itself in 
small quantities: and I found that when i volume of the 
vapour of any of the products of the oil gas liquor was acted 
upon, either alone, or mixed with i, s, 3, 4, up to 12 volumes 
of air, oxygen or hydrogen, by from half a volume to a volume 
of sulphuric acid, it was entirely absorbed and removed. 

When olefiant gas is present, additional care is required 
in analytical experiments, in consequence of the gradual 
combination of the olefiant gas with the sulphuric acid. I 
found that 1 volume of sulphuric acid in abundance of ole- 
fiant gas, absorbed about 7 volumes in 24 hours in the dull 
light of a room ; sun-shine seemed to increase the action a 
little. When the olefiant gas was diluted with air or hydro- 
gen, the quantity absorbed in a given time was much dimi- 
nished ; and in those cases it was hardly appreciable in 
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two hours : a length of time which appears to be quite suffi- 
cient for the removal of any of the peculiar vapours from oil 
or coal gas. 

My mode of operating was generally in glass tubes over 
clean mercury,* introducing the gas, vapour or mixture, and 
then throwing up the sulphuric acid by means of a bent tube 
with a bulb blown in it,»passing the acid through the mer- 
cury by the force of the mouth. The following results are 
given as illustrations of the process : 

Oil gas from a gasometer. 




in 8' ir 

i i hour. 

2 hours. 

diminution. 

1 88 vol. + 9.5 vol. sulphuric acid diminished to 155 

148.5 

146.4 

22.12 per cent. 

107 

+ 13. - - 

- - - - 88.5 

84.5 

82.0 

23-33 

138 

+ 5.2 - - 

- - - - 113.7 

108.0 

106.5 

22.82 



Oil gas from Goanoir’s lamp. 





*5’ 

30' 

3 hours. 


214 

4* 6. 8 “ * 

- - . - 183.3 

180.8 

176. 

17.7s 

*59 

+ 5-9 - ’ 

- - - - * 37-5 

136.0 

*30-4 

17.98 

**3 

+ 12.2 - 

98.0 

96.0 

92.0 

1S.58 



Coal gas of poor quality. 




548.6 

4- 27.6 - 

- - - - 533-3 

529.2 

529 

3-57 


+ 27.8 - - 

- - - - 267.9 

266 

266 

2.78 

190.6 

+ * 3 ** - 

- . . - 186. 

184.2 

184.1 

3 - 4 * 


Oil may also be used in a similar manner for the separa- 
tion of these vapours. It condenses about 6 volumes of the 
most elastic vapour at common temperatures, and it dissolves 
with greater facility the vapour of those liquids requiring 
higher temperatures for their ebullition. I found that in 

* If the mercury contain oxidizable metals, the sulphuric acid acts upon it, and 
evolves sulphurous acid gas. It may be cleaned sufficiently by being left in contact 

with sulphuric acid for hours, agitating it frequently at intervals. 
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mixtures made with air or oxygen for detonation, I could 
readily separate the vapour by means of olive oil ; and when 
olefiant and other gases were present, its solvent power over 
them was prevented, by first agitating the oil with olefiant 
gas or with a portion of the gas to saturate it, and then using 
it for the removal of the vapours. 

In the same way some of the more fixed essential oils may 
be used, as dry oil of turpentine ; and even a portion of the 
condensed liquor itself, as that part which requires a tempe- 
rature of 230 ® or 330® for its ebullition : care being taken to 
estimate the expansion of the gas by the vapour of the liquid, 
which may readily be done by a known portion of common 
air preserved over the liquid as a standard. 

With reference to the proportions of the different sub- 
stances in the liquid as obtained by condensation of oil gas, 
it is extremely difficult to obtain any thing like precise results, 
in consequence of the immense number of rectifications re- 
quired to separate the more volatile from the less volatile 
portions ; but the following table will furnish an approxima- 
tion. It contains the loss of 100 parts by weight of the 
original fluid by evaporation in a flask for every 10® in ele- 
vation of temperature, the substance being retained in a state 
of ebullition. 


100 parts at 58® 
had lost at 70® 


parts. 

1.1 


differences. 

- 1.9 

80® 

- 

3.0 

- 

2.2 

90® 

- 

- 5.2 

- 

- ^5 

100® 

- 

%7 


• 2.4 

no® 

- 

- 10.1 

- 

3.1 



464 


Mr, Faraday on new compounds 
1«0° - - 13.2 


S .9 

ISO® 

- 16.1 

- 

. 

3.2 

140® 

- 19.3 

- 

- 

3.1 

150® 

- 22.4 

- 


3.2 

160® 

- 25.6 

- 

- 

3.4 

170® 

- 29.0 

- 

- 

15.7 

180® 

- 44.7 

- 

- 

23.4 

190® 

- 68.1 

- 

- 

23.4 

200® 

- 84.2 

• 

- 

16.1 

210® 

- 91.6 

- 

- 

7.4 

220® 

- 95.S 

- 

- 

3.7 

2 SO“ 

- 96.6 

- 

- 

1.3 


The residue 3*4 psrts was (hssipated before 350® with sKght 
decomposition. The third column expresses the quantity 
volatilized between each 10', and indicates the existence of 
what has been described as bi-carburet of hydrogen in con- 
siderable quantity. 

The importance of these vapours in oU gas.as contributing to 
its very high illuminating powers, will be appreciated, when it 
is considered that with many of them, and those of the denser 
kind, it is quite saturated. On distilling a portion of liquid, 
which had condensed in the pipes leading to an oil gas gas-’ 
ometer, and given to me by Mr. Hennel, of the Apothecaries' 
Hall, I found it to contain portions of the bi-carburet of 
hydrt^en. It was detected by submitting the small quantity 
of liquid which distilled over before 190° to a cold of o», when 
the substance crystallized from the solution. It is evident 
therefore, that the gas from which it was deposited must 
have been saturated with it. On distilling a portion of recent 
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coal gas tar, as was expected, none could be detected in it, 
but the action of sulphuric acid is sufficient to show the ex- 
istence of some of these bodies in the coal gas itself. 

With respect to the probable uses of the fluid from com- 
pressed oil gas, it is evident in the first place, that being thus 
volatile, it will if introduced into gas which burns with a pale 
flame, give such quantity of vapour as to make it brightly 
illuminating ; and even the vapour of those portions which 
require temperatures of 170° 180° or higher for their ebulli- 
tion, is so dense as to be fully sufficient for this purpose in 
small quantities. A taper was burnt out in a jar of common 
air over water ; a portion of fluid boiling at 190° was thrown 
up into it, and agitated ; the mixture then burnt from a large 
aperture with the bright flame and appearance of oil gas, 
though of course many times the quantity that would have 
been required of oil gas for the same light was consumed : 
at the same time there was no mixture of blueness with the 
flame, whether it were large or small. Mr. Gordon has I 
understand proposed using it in this manner. 

The fluid is also an excellent solvent of caoutchouc, sur- 
passing every other substance in this quality. It has already 
been applied to this purpose. 

It will answer all the purposes to which the essential oils 
are applied as solvents, as in varnishes, &c. and in some 
cases where volatility is required, when rectified it will far 
surpass them. 

It is possible that, at some future time, when we better 
understand the minute changes which take place during the 
decomposition of oil, fat, and other substances by heat, and 
have more command of the process, that this substance, 
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among others, may funjish the fuel for a lamp, which re- 
maining a fluid at the pressure of two or three atmospheres, 
but becoming a vapour at less pressure, shall possess all the 
advantages of a gas lamp, without involving the necessity of 
high pressure. 

Ro^al Inst^vtion, June 7, 1825. 
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XXL Account of the repetition of M. Arago's experiments on 
the magnetism manifested hy various substances during the act 
of rotation. By C. Babbage, Esq, F. R, S, and J. F. W. 
Herschel, Esq, Sec, R, S, 

^ Read June i6, 1825. 

1. The curious experiments of M. Arago described by 
M. Gay Lussac during his visit to London in the spring of 
the present year, in which plates of copper and other sub- 
stances set ill rapid rotation beneath a magnetized needle, 
caused it to deviate from its direction, and finally dragged it 
round with them, naturally excited much attention, and the 
investigation of their various circumstances, and of their con- 
nexion with the effects observed by Mr. Barlow in Decem- 
ber, to be produced by the rotation of masses of iron, and 
described by him in a paper read to the Society,* became an 
object of considerable interest. Accordingly, having erected 
at Mr. Babbage's house, in Devonshire-street, an apparatus 
for setting a copper plate in rotation about a vertical axis by 
the aid of a turning lathe, we proceeded to try its effect on 
a magnetized needle suspended over it. The first attempt 
failed from the use of too small a needle ; but this being re- 
placed by a magnetic bar of considerable weight delicately 
suspended by a silk thread, we had the satisfaction of seeing 
it deviate several degrees from its point of rest in a direction 

» See N°. XIV. of the present volwme, 

SP 
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corresponding with that of the rotation of the copper plate ; 
and on employing instead of this bar, a very delicate azimuth 
compass, belonging to and the invention of Captain Kater, 
the influence of zinc, brass, and lead was similarly rendered 
sensible. 

2. In this first tiial, having neither the command of a very 
rapid rotation, nor of massive metallic discs, the deviation of 
the compass observed did not exceed lo or ii degrees. In 
order therefore to enlarge the visible effect, and at the same 
time disencumber ourselves of the limit set to it by the 
polarity of the needle, it occurred to us to reverse the expe- 
riment, and ascertain whether discs of copper or other non- 
magnetic substances (in the usual acceptation of the word) 
might not be set in rotation if freely suspended over a re- 
volving magnet. In order to make this experiment, w^e 
mounted a powerful compound horse-shoe magnet, capable 
of lifting 20 pounds, in such a manner as to receive a rapid 
rotation about its axis of symmetry placed vertically, the 
line joining the poles being horizontal and the poles upwards. 
A circular disc of copper, 6 inches in diameter and 0.05 inch 
thick, was suspended centrally over it by a silk thread with- 
out torsion, just capable of supporting it. A sheet of paper 
properly stretched was interposed, and no sooner was the 
magnet set in rotation than the copper commenced revolving 
in the same direction, at first slowly, but with a velocity gra- 
dually and steadily accelerating. The motion of the magnet 
being reversed, the velocity of the copper was gradually 
destroyed ; it rested for an instant, and then immediately 
commenced revolving in the opposite direction, and so on 
alternately, as often as we pleased. 
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3. The rotation of the copper being performed with great 
regularity, it was evident that by noting the times of suc- 
cessive revolutions, we should acquire a precise and delicate 
measure of the intensity of the force urging it, provided we 
took care to neutralize the torsion of the suspending thread. 
To make the experiment strictly comparable proved however 
a matter of much delicacy, as the slightest change in the 
distance of the plate from the magnet was found to produce 
a material alteration in the time of its gyration. 

4. Our first enquiry was directed to ascertain the effect of 
the interposition of different bodies as screens in cutting off 
or modifying the peculiar rotatory effect. The substances 
tried were, paper, glass, wood, copper, tin, zinc, lead, bis- 
muth, antimony, and tinned iron plate. The comparative 
effects of these may be seen by the following tabulated ob- 
servations, in making which we had the advantage of Mr, 
Barlow's and Mr, Christie's presence and assistance, 

TABLE I. 


1 

|Np, of revolut. 
^rfonned* 

Times of their performance, | 

! 

1 

Nothing 

Paper 

Wood 

Antimony 

Antimony iqt. 

Antimony int. 


interposed. 

interposed. 

interposed. 

interftosod. 1 . 

ad trial. 

3 d trial. 

0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1 

34 

36.2 

37.2 

37.0 

36.0 

35-0 

z 

48 

51,0 

52.2 

51.0 

50.5 

50.0 

% 

59 

02.0 

63.5 

62.0 

61.5 

61.5 

4 

68 

71-5 

73-0 

72.S 

71.0 

71.0 

5 

76-5 

80.0 

81.5 

80.5 

79.2 

79-7 

6 j 

85-5 

87.5 

89.0 

88.0 

86.5 

87.2 

7 i 

90 0 

95.0 

96.2 1 

95-3 

93.7 

94-0 

8 

97.0 

101.0 

103.0 


1000 

loi.o 

9 

103.5 

107.5 

109,8 

108.0 

106,5 

107.5 

10 

109.0 

” 3-5 


1 1 4.0 


1137 
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TABLE 11 . 


No. of lev. 
peifonned. 

Times of their performance. 


Zinc 

Bismuth 

Copper 

Lead 

Tm 


inteip<»ed. 

interposed. 

interposed. 

interposed. 

interposed. 

O 

0.0 

0.0 

0.0 

0.0 

0.0 

1 

32.0 

31-5 

32.2 

32-0 

32.0 

2 

44*5 

44-7 

46,0 

46.0 

45-5 

3 


54-3 

56.0 

56.0 

55 2 

4 

64.0 

63.0 

64.7 

64.7 

64.0 

5 

72.0 

70.7 

72.7 

72.6 

71-5 

6 

79.0 

77*5 

795 

80.0 

79.0 

7 

86.0 

84.0 

80.0 

86.0 

85.0 

8 

92.0 

89.8 

92.0 

92.0 

91.2 

9 

97-5 

95.5 

97-5 

98.0 

96.5 

lO 


101.6 

103.0 

103-5 

102.2 


5. The metallic plates here interposed, as also the wooden 
ones, were circular discs of lo inches in diameter and half 
an inch in thickness, the metals being all cast for the pur- 
pose, the wooden disc serving for a pattern. Such only 
are arranged together as were made under such circum- 
stances as to be strictly comparable. It will be seen by 
these results that the various substances examined exert 
no sensible interceptive power, the slight excess of velocity 
in table i. col. i, when nothing was interposed, being evi- 
dently referable to the eddy caused in the air by the revolv- 
ing magnet. Glass in like manner had no effect ; but when 
the substance interposed was iron, the case was widely dif- 
ferent, the magnetic influence being greatly diminished by 
one, and almost annihilated by two thicknesses of common 
tinned iron plate, as the following table will shew. 


TABLE TIL 


Revolutions 

performed. 


Time occupied. 


Paper 

interposed. 

One sheet of tinned 
iron interposed. 

Two sheets of tinned 
iron interposed. 

0 

0.0* 

0.0“ 

0.0* 

i 

- 

89.7 

164.7 

1 

22.5 

128.2 

— 



159 s 

— 

2 

3I-S 

180.7 

— ■ 

H 

- 

211-5 

— 

3 

38-5 

234-7 

— 
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When the poles of the revolving magnet wer^ connected 
by a piece of soft iron, the rotation of the copper disc ^as in 
like manner almost entirely annihilated. 

6. Resuming now the original form of the experiment, 
the copper disc of lo inches diameter and ^ inch thicks was 
placed on the vertical axis, and made to revolve With a velo- 
city of 7 turns in a second, a velocity which it was found 
convenient to give, and easy to maintain, correspcaiding as it 
did with one stroke per second of the treadle of the lathe ; 
and this velocity, unless the contrary is mentioned, is to be 
understood of all the rotations so communicated, spoken of 
in the remainder of this account. 

7. The copper plate thus revolving, the disc of copper 
mentioned in Art. a was suspended over it ; but though at 
first it seemed to be very slightly affected, yet on frequent 
and most careful repetition of the experiment, with every 
precaution to guard against currents of air, not the most 
trifling effect could be perceived. This remarkable result, 
while it stands opposed to any theory of magnetic vortices 
generated by the rotation of one body, and transferring 
a part of its motion to others, is, on the other hand, perfectly 
consonant with, and indeed a necessary consequence of the 
view which will be taken of the subject in the sequel. 

8. In like manner a bar of hardened, but not magnetised 
steel, was very slightly, if at all, set in rotation by the re- 
volving copper, not more than probably would correspond to 
the small degree of magnetism unavoidably developed in it 
in the act of hardening ; but when magnetised to saturation, 
it was made to revolve rapidly. This experiment appears 
decisive as to the origin of the magnetic virtue exhibited by 
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the copper and other bodies in these experiments. It is ob-» 
viously induced by the action of the magnetic bar, compass 
needle, &c. on their molecules. 

9. Our next enquiry was directed to the degree in which 
this developement of magnetic virtue takes place in different 
metals and other bodies. For this purpose two different 
processes were adopted. The first consisted in securing 
each of the 10-inch discs already spoken of successively 
on the vertical axis of our machine (which was now fitted up 
more firmly). Giving them thus a rotation in their own 
planes, the azimuth compass above mentioned was placed on 
a convenient stand centrally over each at the same distance. 
The deviations observed, and the ratios of their sines to that 
of the deviation produced by one of them ( copper ) chosen 
as a standard, were as follows, 

TABLE IV. 


Name of the revolving 
body. 

potion of the disc 
airect, or screwing.) 

ll 

1 

.11 

Meat). 

Ratio of the force 
to that of copper. 

Copper 

0 ' 

II 30 

0 , 

II 17 

0 / 

II 24 

I.OO 

Zinc 

10 7 

10 15 

10 11 

0,00 

Tin - - 

5 30 

5 

5 21 

0.47 

Lead 

2 50 

2 55 

2 53 

0.25 

Antimony 

1 12 

I 17 

i 16 

0.11 

Bismuth 

0 6 

0 6 

0 6 

0,01 

Wood - - 

0 0 

0 0 

0 0 

0.00 


The experiment was repeated (some weeks afterwards), 
placing the compass (by a more advantageous adjustment of 
the apparatus) much nearer the revolving disc. The results 
w'ere as follows. 
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TABLE V. 


Name of the revolving 
substance. 

Mean of deviations 
screVring and un. 
screwing. 

Ratio of force to that 
of copper. 

Copper 

zS 54 

1 .00 

Zinc 

20 42 

o»93 

Tin - 

12 54 

0.46 

Lead 

7 0 

0.25 

Antimony - 

2 27 

0.09 

Bismuth - 

0 32 

0.02 

® 




Agreeing as nearly as could possibly have been expected 
with the foregoing. 

10. The extension of the same mode of examination to 
other simple and compound bodies, differing widely in their 
relations to heat, electricity, gravity, and other chemical and 
mechanical agents, presents an extensive and most interest- 
ing field of enquiry, and one which promises a nearer insight 
into the nature of magnetism, both permanent and transient, 
than we have yet attained. Our examination has necessarily 
been limited, partly from the imperfection of our apparatus, 
but chiefly from want of time ; indeed on reperusing the 
present notice, it is impossible not to regard it as in many 
respects imperfect and hasty ; and nothing certainly but the 
strong interest of the subject, and the uncertainty whether we 
shall have it in our power to prosecute it with greater assiduity 
in future, could induce us to present our results in their pre- 
sent state. Such as they are, however, we shall give them. 

1 1 . Of the other metals, silver appears to hold a high rank, 
and gold a very low one in the scale of magnetic energy. 
Indeed the latter metal rendered standard by copper was 
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scarcely more powerfully, set in rotation than seemed fairly 
attributable to the quantity of its alloy. 

12. The examination of mercury presented peculiar in- 
terest from its fluidity, and the facility with which iron might 
be excluded from the experiment ; to make which, a flat 
ring of box- wood was cemented with wax between two cir- 
cular glass discs, so as to form a hollow cylinder, 2 inches in 
internal diameter, and 0.10 in its interior height. This being 
suspended, empty, by a long delicate silk thread over the 
horse-shoe magnet, was not in the slightest visible degree 
affected by its rotation, however long continued. It was 
then detached and filled with mercury, which, from having 
been thrice distilled, and afterwards having stood upwards 
of a twelvemonth in a bottle in contact with a solution of the 
nitrate of that metal, might assuredly be regarded as abso- 
lutely free from iron. Being again suspended as before, it 
now readily, though feebly, obeyed the rotation of the mag- 
net in either direction, being fully commanded by it, and set 
in motion, stopped, or reversed in its gyrations at pleasure 
by merely continuing or changing properly the motion of 
the magnet. This experiment was witnessed, among others, 
by our illustrious President, The place which mercury ap- 
pears to hold in the scale of magnetic energy was judged to 
be between antimony and bismuth, certainly superior to the 
latter, and certainly inferior to lead, 

13. In wood, glass, wax, rosin, sulphur, sulphuric acid, 
water, &c. we have not hitherto succeeded in obtaining un- 
equivocal traces of magnetism. The experiment with unan- 
nealed glass succeeded no better than with annealed. In the 
case only of one non-metallic body (unless a minute portion 
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of iron present may have deceived us) a decisive result has 
been obtained ; and, what is very singular, this body is carbon, 
in that peculiar state in which its density, lustre, degree of 
hardness, and high conducting quality, both as regards heat 
and electricity, seem to give it some title to a place among 
the metals. This is the state in which it is precipitated by a 
red heat from coal-gas. It is found in thick masses encrust- 
ing the interior of the retorts, gradually blocking them up, 
and in time rendering them useless. It is composed of coats 
frequently curved round a centre, and exhibiting a radiated 
structure, but oftener in laminae of a fine close grain, a 
beautiful gray colour, and in some varieties of a shining me- 
tallic brilliancy, between that of plumbago and hardened 
steel ; some portions yield readily to the knife, but others of 
a darker hue and dull earthy fracture, resist obstinately, and 
give copious sparks with steel. The two sorts are found 
alternating or intermixed in the same specimen. The mag- 
netism developed in this singular substance is, however, too 
feeble to admit of precise measurement, and is only rendered 
barely sensible by delicate management. 

14. The second process alluded to as employed by us to 
compare the relative magnetic forces of the different bodies 
examined, consists in suspending magnetised bars over re- 
volving discs of them, and observing, not the point of equili- 
brium but the velocity generated, or the time required for 
the description of certain spaces ; in other words, by measur- 
ing not the statical, but the dynamical effect. These me- 
thods, for distinction's sake, may be called he statical and 
d 3 mamical methods of observation. 

In the original experiment of M. Arago, a magnetic 

MDCCCXXV. 3 Q 
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needle was made to deviate or revolve by the rotation of a 
plate beneath it. The motion of the needle must of course 
be rendered irregular by the effects of its polarity, and sub- 
ject to periodical accelerations or retardations ; and it is ob- 
vious, that in the case of a very weak magnetic force in the 
plate it can never execute an entire revolution, but must 
oscillate backwards and forwards till reduced to rest by the 
friction and resistance of the air. It occurred to us, how- 
ever, that much more regular and uniform results might be 
obtained by this means, could the polarity of the needle be 
destroyed without at the same time destroying its magnetism ; 
in other words, could the earth's action on it be so precisely 
neutralised as to allow of its resting indifferently in all direc- 
tions. The obvious mode of doing this, by the approach of 
a powerful magnet acting in opposition to the earth, proved 
much too coarse for our purpose, which however, after a few 
trials, we found might be accomplished to any required degree 
of precision by the following simple contrivance. 

If two exactly equal and similar magnets of equal strength 
be placed parallel to each other, but in a reverse position, and 
at such a distance as not mutually to affect each others' mag- 
netism, and if in this situation they be firmly attached to a 
piece of w^ood, glass, &c. the system so formed will have no 
polarity, i. e. no tendency to rest in one rather than another 
situation, however suspended. This is clear ; because what- 
ever be the inclination (6) of one of the magnets to the line 
of dip, that of the other will necessarily be ( 180 -}- Q ), and 
the directive forces being represented by the sines of these 
two angles will alw^ays be equal and opposite, so that each 
magnet urges the system with equal force, but in opposite 
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directions. The truth of this proposition, it is no less evi- 
dent, is independent of the axis of suspension, which may 
pass through a part of the system any how situated with re- 
spect to the magnets, in virtue of the property of a magnet 
whose force to turn a system of which it makes a part, round 
a fixed centre, is the same wherever in the system it is 
placed, and the same as if it were in the centre. 

Hence it follows, that if two equal and similar magnets be 
laid parallel to each other, but in a reversed position on a 
horizontal glass plate freely suspended by a thread, the sys- 
tem will be devoid of any polar tendency, ( which we shall 
express by calling such a system neutral). It is difficult 
however to procure two magnets exactly equal, and of equal 
force. But fortunately this is of no consequence, as a slight 
deviation from perfect neutrality may be corrected by inclin- 
ing the stronger needle a little more or less to the plane of 
the plate. In fact the proposition is general ; and by a 
proper adjustment of the positions of two magnets however 
unequal, with respect to the axis and to each other, they may 
be made to neutralize each other. 

15. As this adjustment however is nice, and as magnets 
influence each other, and our object moreover called for the 
utmost delicacy, we adopted a more refined application of the 
principle just detailed. A circular glass disc was prepared, 
8 inches in diameter, and suspended by three silk threads 
from a filament of silk, descending along the axis of a copper 
tube about 5 feet long, passing with stiff friction through 
collars in the deling of the apartment, and serving nicely 
by means of an index to regulate the height of the glass 
disc. 
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At the opposite extremities of two diameters at right 
angles to each other, four equal small bar magnets were 
fixed in a vertical position, having alternately their north and 
south poles downwards. This position promised to present 
two material advantages ; first, that in neutralizing the system 
we have not the whole polarity of the magnets to contend 
with, but only the small remains of directive tendency which 
arises from the magnetic axis in each not being precisely 
coincident with its axis of figure, since it is evident that an 
infinitely thin magnetic cylinder placed perpendicularly to 
the horizon, would from that cause alone be indifferent as to 
situation ; adly, That in this situation their poles interfere 
with each other's action on the plate revolving below them, 
less than in any other. Instead of four we might (and as will 
be seen ) occasionally did place a greater number of magnets 
round the circle, or within its area, but for the experiments 
now in view four were enough, 

i6. The system so constructed was found to require no 
after adjustment, being to all appearance perfectly neutral, 
so that this part of our purpose was completely accomplished, 
and the earth's action eliminated from the enquiry. The 
irregular torsion of the silk thread however still embarrassed 
us a good deal. But though this undoubtedly caused indi- 
vidual results to differ more from the mean than we had 
expected, it is not sufficient to account for a singular ano- 
maly observed not only in the mean results of a great 
number of trials, but in all individual cases ; viz. that by this 
mode of observation, zinc was invariably found to stand 
above copper in the scale of magnetic action, whereas in the 
determination by the statical method, where the deviation of 
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the compass was observed, the former metal was as invaria- 
bly found to be placed below the latter, the other metals 
retaining their order. A possible explanation of this anomaly 
(should future experiments show that the fact depends on no 
fallacy) may be found in the principles hereafter to be 
explained, but we wish to be understood as speaking with 
reserve on this point. 

17 . The following table is constructed in the same way 
as Tables 1. 11. III. with the addition only of the accelerating 
forces deduced on the supposition of uniform acceleration 
from the expression 


TABLE VI. 


N" of revo- 
lutions or 
parts, 

T* 

Copper 

mes of th{ 

Zinc 

ir perfom 

Tin 

nance. F 

Lead 

or 

Antimo. 

Forces 

C^per 

deduced from 
/=: 10000c 
Zinc j Tin 

the exp 
s 

>0 - 

Lead 

/= 

ression 

Antim. 

21 

20 

19 

19 

0.25 

0.50 

0. 75 

1. 0 

38.3 

54.2 

68.5 

79.8 

36.1 

S »‘7 

63*9 

74.0 

51.7 

74.8 

92.8 

107.8 

70-9 

102.5 

128.0 

151.2 

109.6 

157-9 

197-4 

232-4 

170 

170 

160 

157 

192 

187 

184 

183 

93 

89 

87 

86 

42 

48 

46 

44 

2. 0 

3. 0 

4. 0 

5. 0 

no. 6 
136.9 
160.0 
180.4 

106.2 

131-4 

152.8 

172.8 1 

156.8 

195-5 

229.5 

260.3 

221.8 

281.3 

335.0 

385.6 

351-7 

460.7 

; 1^4 

160 
: 156 
j 153 

177 

174 

171 

167 

81 

78 

76 

74 

! 

41 1 

36 I 
34 

16 

14 

Mean of all - - 

161 

179 

83 

41 

- 

Mean of first six - - 

1 


1 


18 


The effect of torsion, resistance and friction, is very evident 
in the apparent diminution of the accelerating force in each 
revolution, so that only the numbers in the same horizontal 
lines can be regarded as comparable. Comparing accordingly 
the means of all for copper, zinc, tin, lead, and of the six first 
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for copper and antimony, the proportional intensity of mag- 
netic action for each respectively 'will be 


Zinc 

1.11 

Copper 

- 1.00 

Tin 

0.51 

Lead 

- 0.25 

Antimony - 

0.01 


The smallness of the number for antimony is here also 
very remarkable. That for bismuth deduced by this means 
would be still more minute, so small indeed that the torsion 
of the thread would not allow of its magnitude being fairly 
determined, the suspended system merely performing exten- 
sive oscillations in very long times. 

1 8 . This method however requires us to operate on very 
considerable quantities of the substances under examination^ 
a great disadvantage, as it cannot be applied to the scarcer 
metals, and does not admit of the use of the common ones in 
a state of rigorous purity. A method at once more simple 
and expeditious, and allowing of our acting on small quan- 
tities of matter, is to suspend portions of the different bodies 
we would try, similar in form and exactly equal in size, over 
the revolving magnet, and noting either, dynamically the 
times of successive revolutions, or, statically the point of equili- 
brium between the rotatory force and the torsion of the string. 
This method we pursued in a very interesting part of the 
enquiry, viz. in investigating (after M. Arago) the effect of a 
solution of continuity, partial or total in the mass acted on. 

19. A disc of lead of 2 inches in diameter and ^ thick, 
was suspendedin a small thin wooden tray at a given distance 
from the horse-shoe magnet, revolving with the usual velo- 
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city, at first entire, and then successively cut with a chisel in 
radii nearly up to the centre, as here represented. 


fig- *. Fig- 2. Fig. 3. Fig. 4. Fig. 5. 



The times observed and forces deduced in the several cases 
were as follows : 


Rev. 

Disc uncut. 

Disc cut as in 
Fig. I. 

Disc cut as in 
Fig. 2. 

Disc cut as in 
Fig. 3 . 

Disc cut as in 
rig.4. 

Disc cut as in 
Fig. 5 . 


tzz 

f- 

t rr 

/= 


/= 

'= l/f 

t zz 

/= 

t zz 

/= 

I 

28.2 

1258 

30*9 

1047 

33*1 

9*3 

42.1 564 

48.1 

432 

55*6 

324 

2 

41.2 

1178 

44*5 


47»4 


59-8 

69.0 


81.4 

i_J02 

3 

$0.6 

1172 

55.0 


?9*o 


H-7 

86.6 


*03-3 

281 

4 


1161 

63-9 


68.3 


8S.d 

102.1 


124.5 

258 

S 

66.4 

1134 

72.0 


77.2 


100.0 

n 5.8 


HS*9j 

235 


Similar effects were observed in other metals, but in dif- 
ferent degrees. For instance, in the case of soft tinned iron, 
the same number of cuts, made in the same manner, pro- 
duced a very slight diminution of force, while in copper the 
effect of the same operation was to reduce the force in the 
ratio of 1 to 0.20. 

20. A thin disc of copper suspended at a given distance 
over the revolving magnet, performed 6 revolutions from 
rest in 54*. 8. It was then cut in 8 places in the direction of 
radii nearly up to the centre and 45® asunder, by which ope- 
ration its magnetic virtue w-as so weakened, that it now 
required i2i».3 to execute the same number of revolutions. 
The cuts were now soldered up with tin, and the magnetic 
action was now^ found to be so far restored as to enable it to 
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perfonn its six revolutions in 57‘-3, that is to say, very nearly 
in the same time as when entire. This is the more remark- 
able, since tin, as we have seen, is not above half so ener- 
getic as copper when acting directly. This indirect mode of 
action therefore affords us a means of magnifying small 
magnetic susceptibilities which may hereafter prove very 
valuable. 

21. To illustrate this more strongly, we suspended a brass 
disc of 2^“.25 in diameter, and in thickness, as in the 

last case, and noted the time of its performing successive 
revolutions, as follows : 

1 rev. 2 rev. 3 rev. 4 rev. 5 rev. 

20‘.2 29.1 35.2 40.8 43*7 

It was now cut, as in the last case but it being necessary for 
this purpose to use a saw, the abraded portions, which were 
pretty copious, were strewed over it with the intervention of 
a piece of thin paper, to obviate the effect of loss of weight, 
as nearly as might be. The times were now found increased 
as follows : 

1 rev. 2 rev. 3 rev. 4 rev. 5 rev, 

41.1 57.9 71.0 83.0 93.7 

being almost exactly doubled, and of course the force was 
reduced in the ratio of about 4 to 1 . 

The cuts were now cleanly soldered with bismuth ; and 
though, as we have seen, the direct force of bismuth is so 
small as to be scarce perceptible, yet its indirect effect in 
restoring the magnetism of the brass was such as to cause 
the same arcs to be described in the following numbers of 
seconds. 
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1 rev. a rev. 3 rev. 4 rev, 5 rev. 

28.2 39.7 48.4 56*3 63-0 

which require the exertion of an accelerating force more than 
double of that developed in the last trial. 

The bismuth was now melted out, and the cuts being 
carefully washed with melted tin*, were filled with fresh tin, 
which was allowed to fix, and the disc being trimmed, and 
replaced, the times were now found to be 

21.7 30.8 s 8 .o 43.5 48.7 

The restoration of energy, as in the case of the copper 
disc is here very manifest, the times of rotation being nearly 
reduced to their original magnitude. The comparison of 
these, reduced by the formula/= 1000000 -i, and the means 
of the five results taken in each case, gives for the accele- 
rating forces 

Brass, uncut - - - 1.00 Copper uncut - 1.00 

cut - - - 0.24 cut - - 0.20 

soldered with bismuth 0.53 soldered with tin 0.91 
soldered with tin - 0.88 

The effects of ^soldering with lead and with fusible metal 
were also tried, and found to be both represented on the same 
scale by the same fraction, viz. 0.85, being but very little 
inferior to tin. 

22. When the soldering is imperfect, tlie effect in restoring 
the magnetic action is proportionally weaker, but the influence 
of ever so small a free metallic communication is sensible. 

^ 23.^ A disc of lead cut in 8 radii as above was found to 

make one revolution in 58*.3. It was then wetted so as 
to fill the cuts with sulphuric acid, and the time of revolution 
was found to be 57.3 ; so that the influence of sulphuric acid, 
MDCCCXXV. 3 R 
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even when thus mapiified, is still equivocal ; and its mag- 
netism, if it exist, can hardly be estimated at a thousandth 
part of that of copper, and is probably still lower. 

54. The reduction of the metals to filings or to powder, 
was found to produce a still more striking diminution of their 
magnetic energy ; and a class of experiments of great in- 
terest, as to the effect of the agglutination of these powders by. 
metallic and non-metallic cements and liquids, immediately 
presents itself, into which want of leisure only has hitherto 
prevented our entering, as well as on the important subject of 
the magnetism of metallic alloys and atomic combinations, with 
which this branch of the enquiry is essentially connected. 

55. When we come to reason on the above facts, much 
caution is doubtless necessary to avoid over-hasty generali- 
zation. Whoever has considered the progress of our know- 
ledge respecting the magnetic virtue, which, first supposed to 
belong only to iron and its compounds, was at length reluc- 
tantly conceded to nickel and cobalt, though in a much 
weaker degree — ^then suspected to belong to titanium, and 
now extended, apparently with an extraordinary range of 
degrees of intensity to all the metals — ^will hardly be inclined 
to stop short here, but will readily admit, at least the proba- 
bility, of all bodies in nature participating in it more or less. 
Yet if the electro-dynamical theory of magnetism be well 
founded, it is difficult to conceive how that internal circula- 
tion of electricity, which has been regarded as necessary for 
the production of magnetism, can be excited or maintained in 
non-conducting bodies. Without pretending to draw a line 
however, in what is perhaps at last only a question of deg]:ee, 
one thing is certain, that all the imequivocal cases of mag- 
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netic action observed by us, lie among the best conductors of 
electricity.* Another feature, no less stiiking, is the extreme 
feebleness of this species of action compared with that which 
takes place in cases of sensible attraction and polarity. This 
will appear more evidently, if we consider the mode of action 
which probably obtains in these experiments, and the me- 
chanism, if we may so express it, by which the effects of such 
almost infinitesimal forces are rendered perceptible in them. 

28. The rationale of these phaeiiomena, as well as of those 
observed by Mr. Barlow in the rotation of iron, which form 
only a particular case (though certainly the most prominent 
of any) of the class in question, seems to depend on a principle 
which, whether it has or has not been before entertzdned or 
distinctly stated in words, it may be as well, once for all, to 
assume here as a postulatum, viz. that in the induction of mag^ 
netism, time enters as an essential element, and that no finite 
degree of magnetic polarity can be communicated to, or taken from 
any body whatever susceptible of magnetism, in an instant. 'f 

*• The meagre statements mid imperfect reports which have hitherto reached us 
of M. Aragons researches, had prepared us to expect a much more appreciable 
amount of magnetic force in non-metallic bodies than we have observed. Glass, 
wood, water, ice, and indeed every description of substance, have been included in 
the list of bodies capable of producing a notable deviation from the magnetic men • 
dian in a suspended bar, by their rotation. This naturally renders us desirous of 
seeing that eminent philosopher’s own account of the means employed by him to 
render sensible such very minute forces, which must have been unusually delicate. 
This may perhaps be the prop^ place to mention, that the numerical estimates in 
this paper are merely intended to be received as gross approximations, valuable 
only in the absence of all other information of the kind. The metals used were 
those of commerce, no pains having been taken to free them from iron. Much 
reftnem<mt would have been thrown away on such materials. 

t It is now some years since one of the authors of this account (kfr. Babbage) 
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S7. This principle will, if we mistake not, be found to 
afford at least a plausible explanation of most, if not all the 
phasnomena above described, without the necessity of calling 
in any additional hypothesis, or new doctrine in magnetism. 
For the other principle we shall have occasion to employ, 
that magnetic bodies differ exceedingly, both in susceptibility 
of this quality and in the degree of the pertinacity with which 
tbey retain it (which may be called their retentive power), is 
not an hypothesis, but an acknowledged fact. It is only in 
the mode of its extension to new cases of magnetics that we 
can be led into any fallacies. Whether these two qualities 
(susceptibility and retentive power) be, or be not mutually 
dependent, this is not the place to enquire. Probably they 
are not so, at least directly : and the new facts almost con- 
vert this probability into certainty ; at all events, at present 
we shall for greater generality suppose them independent. 

observed the following facts, which set the principle stated in the text in a very 
clear light. A natural magnet, armed wth soft iron, terminating in a cylindrical 
surface, was made to support a load hooked on to another piece of soft iron, termi- 
nating also in a cylindrical surface, so that its contact with the former was limited 
to a physical line. The weight it would usually support varied from 27 to 33 lbs., 
according to the caution used in increasing the load. On loading it with 30 lbs. it 
became necessary to add the remaining weight by degrees, a quarter of a pound at 
a time, and to wait a short time after each addition. At about 32^ lbs. the weights 
usually fell from the magnet, and it was observed on replacing them, that it would 
no longer support more than 30, and that some minutes must be suffered to elapse 
before it could be brought to its former load. It was thus evident that the magnet 
required time for the developemmt of its full virtue. Again, having loaded the 
magnet by degrees up to 32 lbs., if the contact was broken for an instant by saaing 
the iron to which the load was suspended with both hands, detaching it suddenly 
and instantly restoring It, the magnet now continued to suspend 32%., though, 
had the separation been of longer duration, 30 only would have been suspended. 
Time therefore is required to lose, as well as to gain magnetism. 
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28. Conceive now a plate of any thickness, and of indefimte 
superficial extent, of a metal or other magnetic, whose 
retentive power is very small. If either pole (suppose the 
north) of a magnet be "brought vertically over a point in its 
surface, it will there produce a pole of the contrary name in 
the plate, the maximum of polarity being immediately under 
the magnet. Now let the magnet be moved horizontally along 
the surface, preserving the same distance from it. The points 
over which in succession it becomes vertical, not instantly 
receiving all the magnetism of which they are susceptible, 
will not have reached their maximum of polarity at the pre- 
cise moment of nearest appulse, but will continue to receive 
fresh accessicms during the whole of that certain small por- 
tion of time when tihe distance (being at or near its minimum) 
undergoes no change, or only a certain very minute one. In 
like manner, the points which have attained their maximum 
of polarity, being left behind by the magnet, will by degrees 
lose their magnetism ; but the loss not being sudden, they will 
continue near their maximum for a certain finite time, during 
the whole of which the ma^et continues receding from them, 
and leaving them farther and farther behind. Thus from 
both causes, there will be always in arrear of the magnet a 
space both more extensive and more strongly impregnated 
with the opposite polarity, than in advance of it ; and as the 
magnet moves forward, the point of actual maximum (or the 
pole) of the plate, instead of keeping pace with it and being 
always precisely under it, will lag behind. There will thus 
arise an oblique action between the pole of the magnet and 
the opposite pole of the plate so lagging behind it ; and were 
the plate free to move in its own plane, the resolved portion 
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of this action parallel to its surface, would continually urge it 
in the direction of the magnet’s motion. 

S9. But besides the attracting pole of the opposite name 
(south) produced by the (north) pole of the magnet at the 
spot immediately under it, there will also be developed a 
corresponding repulsion or north polarity in the plate. This 
however will not, like the attractive, be concentrated nearly 
in one spot immediately below the magnet, but must of 
necessity be diffused round it in a much less intense and 
more uniform state throughout the more distant parts of the 
mass, and may be conceived as arranged in spherical or 
other concave strata about the point vertically under the 
magnet as a centre. Now when the magnet by its motion 
is carried out of the axis of these strata, it is obvious that the 
resultant force of each of them will be less and less oblique 
to the surface as its radius is greater. The general resultant 
therefore of all the repulsive forces exerted throughout the 
whole extent of the plate is necessarily less oblique to 
the surface than that of the attractive ones, whose influence, 
from this cause alone, must therefore preponderate, and 
must necessarily produce a dragging or oblique action, such 
as above described. This force, however minute, acting con- 
stantly, must at length produce a finite and sensible velocity, 
provided the whole mass of the plate to be set in motion 
be finite, and the force of the magnet sufficient to overcome 
fiiction, resistance, &c. 

so. Vice versa, if the plate be drawn along in its own 
plane, and the magnet be free to move in a horizcHital direc- 
tion, the former ought to drag the latter along in the same 
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direction with a velocity ccaitinually accelerating, till they 
move on together with equal velocities. 

51. It is manifest that, cseteris paribus, the greater the 
relative velocity, the more will the pole developed in the 
plate lag behind the magnet, or the magnet (in the reverse 
case) behind the pole. The more oblique therefore will be 
the action, and the greater the resolved part of the force, 
2Uid the velocity produced by it dato tempore. The same 
effect must also be produced by an increase in the absolute 
force, or lifting power of the magnet ; so that in such expe- 
riments there is an advantage in using large magnets which 
have great lifting powers, over small ones with intense 
directive forces, and this is perfectly consonant to experience* 

52. Hitherto we have only considered the case of rectili- 
near motion. If we regard the magnetism of the plate as 
very transient, and the velocity moderate, the whole space 
occupied by the magnetised portion of the plate will still be 
small, and confined to the immediate neighbourhood of the 
point vertically under the magnet. If the motion of the 
latter change its direction, the momentary pull communi- 
cated to the plate will always be in the direction of a tangent 
to the curve described. If therefore it describe a circle, it 
will tend at every instant to impress a gyratory motion on 
the plate about a centre vertically under the centre of its own 
motion, and vice versd, if the plate be made to revolve about 
a centre, it will taad to drag the magnet round with a conti- 
nually accelerated motion, provided its rectilinear recess from 
the centre of motion (or its centrifugal force)be prevented by 
a proper mechanism. The former is the case of a disc of 
copper suspended by its centre, and set in rotation by a 
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magnet revolving beneath it. The latter is that of a com- 
pass needle, or of our neutralised system of vertical magnets 
suspended over a revolving disc of copper, A very pretty 
illustration of the direction of these forces is obtained by 
suspending a circular disc of zinc or copper from the end of 
a counterbalanced arm, which is itself suspended by its 
middle, thus constituting a kind of double balance of torsion. 
If the length of the arm be so adjusted, that the circumfer- 
ence of the disc shall be an exterior tangent to the circle de- 
scribed by the poles of a revolving magnet, the whole disc 
will be swept round in an orbit concentric with the motion of 
the magnet, while it at the same time acquires a rotatory 
motion on its own centre in the contrary sense. The centri- 
fugal force is here overcome by the arm and the weight of 
the disc, and the velocity goes on accelerating till the increase 
of resistance puts a stop to further accessions. 

3S. In Mr. Barlow's experiments, the earth is our induc- 
ing magnet ; its two poles both act on every particle of the 
revolving shell employed in that gentleman's experiments, 
and their action when complete produces two poles, a north 
and a south, at opposite extremities of the diameter parallel 
to the dip. This is the case when the shell is at rest. Let 
it now be set in motion about any axis, anyhow inclined to 
the dip. If the communication and loss of magnetism were 
instantaneous, the places of the poles (i. e. the points of 
maximum polarity ) would be unaffected by th$ rotation ; but 
as that is not the case, these points, in virtue of the principles 
already stated, will shift their places, and decline from the 
direction of the dip in the same direction as the shell's mo- 
tion, that is to say, in the direction of a tangent to a small 
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circle, whose axis is the axis of rotation, and whose circum- 
ference passes through the extremities of the diameter parallel 
to the dip. The extent of this declination will depend on the 
velocity of rotation and the diameter of this small circle, sutid 
will be proportional to both, that is, to the velocity of rotation 
multiplied into the sine of the angle made by the axis of rota- 
tion with the direction of the dip. It will therefore be a maxi- 
mum when the axis of rotation is perpendicular to the magnetic 
meridian, and vanish when the shell is made to revolve on 
an axis parallel to the line of dip. These consequences are 
perfectly consonant to the results obtained by Mr. Barlow 
in his paper ' and in fact, the general result announced by him 
in (page 526 of this volume) comes to the very same thing 
as above stated ; for it is obvious, that the new axis of polar- 
ization there spoken of, acting in combination with the origi- 
nal, or, as we may call it, the primary axis developed in the 
quiescent state of the shell, will exert a compound force on 
the needle, such as would be exerted by a single equivalent 
axis situated intermediately between them, but much nearer to 
the more intense than to the more feeble one. The position of 
this equivalent axis will necessarily be in the great circle 
passing through the two component ones. Now the small 
circle described by the point which was first the pole of the 
stronger or primary axis about the axis oi rotation is a tan- 
gent to this great circle, and the equivalent axis (being but 
little removed from the primary one, by reason of the small 
intensity of the other), wijl therefore have its pole situate 
indifferently in either circle. Or conversely, the single axis 
produced in our view of the subject being resolved into two ; 
one of which is that corresponding to the quiescent state of 
MDCCCXXV. 3 S 
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the sh^U, ^4 the other 90® removed from it in the same . 
place^ this latter will be identical with Mr. Barlow's seccoi-* 
dary axis. 

34. In what has been said, the velocity of rotaticm has 
been supposed commensurate to the velocity with which 
magnetism is propagated through the iron of the shell. But 
if we conceive in this, or in the general case, either the re- 
tentive power of the shell, disc, or lamina great, or the velon 
city of motion excessive, it may be instructive to consider 
the modificati<ms thus introduced into the effect. It is evident 
that the induced pole will lag farther and farther behind the 
magnet in proportion as either of these conditions obtains. In 
the case of rectilinear motion, this will, up to a certain point, 
increase the oblique action, and the dragging effect will be 
strengthened ; but if the velocity be excessive, or the reten- 
tive force considerable, as in steel, the pole may lag so far 
behind as to carry it altogether out of the sphere of the mag- 
net's attraction; and the magnetised portion, remaining 
within its limits, may have not had time enough to acquire a 
high degree of polarity. From both causes the drag (the 
expression, though uncouth, is convenient) should be weak- 
ened. In the case of circular motion this effect may go so 
far, that a complete circumference shall have been described 
before the polarity of any one point shall have been either 
completely induced, or completely destroyed. In this case 
the effect observed will be a general weakening of the total 
poWity of the disc or sphere ; and (supposing the latter of 
ir<m, or soft steel) a directive virtue on a small compass 
needle placed near it, not probably towards any particular 
place, but to a resultant imaginary point depending on the 
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situatiori of the compass, the dip, and the axis of rotation, by 
lawa very easy to assign. This will explain some ex^ 
pressions quoted by Mr. Barlow from his correspondence 
with one of the authors of this paper, which may appear 
otherwise to militate against the general view here taken. 

55. This diminution of the total effect by a more general 
distribution of the magnetism, was imitated by sticking a great 
number of needles vertically through a light cork circle, all 
being strongly magnetised, and having their north poles 
downwards, so as to form a circle, or, as it were, a coronet 
of magnets. This apparatus suspended centrally over a re- 
volving copper disc, was not sensibly set in rotation. In this 
ease, when at rest, the south polarity induced in the plate 
would be disposed in spots accumulated under each needle ; 
but these spots, elongated and blended by the effect of rota- 
tion, must produce a nearly uniform circle of south polarity, 
whose equal and contrary actions on all the needles would 
keep up the equilibrium, and prevent the coronet from ac- 
quiring a tendency either way. 

go. One consequence of this reasoning, which deserves 
trial, is this— that if the axis of rotation of an iron shell be 
situated in the direction of the dip, the spots occupied by its 
poles will not change their places by rotation, and conse- 
quently no deviation of the compass ought to take place from 
that cause. The experiment however is very delicate ; and 
care must be taken to remove any magnetised bodies whose 
feifluence might induce subordinate poles in the shell, whose 
places would shift by rotaticm. The compass therefore in 
this ca^ camiot be neutrahzed by a magnet but we must 

t la Mr. ex|»ffinaients, Uie lar^e aad biir magnets ps^ t9 
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have mx^ur^ to some neutral system, such as that descrihe^ 
in the foregoing pages, in its place, or it may be left mnieu- 
tralized. It ought too to be so small, or so r^ote, as not to 
produce induced polarity in the shell, which would react on 
itself when the sphere is set in motion, and destroy the suc- 
cess of the experiment. 

57. The effect of a solution of continuity in the revolving 
bodies comes next to be considered. It is difficult ; but the 
difficulty is not a consequence of our principles of explana- 
tion, but of our ignorance of the very complicated laws 
which regulate the distribution and communication of mag- 
netism in bodies of irregular figure. So far however as the 
operation of the general principle can be traced, its results 
are consonant to observation. 

58. In the first place, it is obvious that where one or more 
slits are cut in a metallic plate, over which the pole of a 
magnet is revolving, that immediate and free communication 
between particle and particle, on which probably the rapid, 
and certainly the intense developement of magnetism depends, 
is destroyed. The induced pole (by which ’we mean now the 
whole of that space in which sensible magnetism is deve- 
loped, and which is, of course, a spot of sensible, and proba- 
bly considerable magnitude — of a figure more or less elon- 
gated according to the velocity of the motion) — instead of 
travelling regularly round, retaining a constant magnetism 
and force, will now be in a perpetual state of change. Instead 
of being carried uniformly across the slit, it will die away in 
intensity, and shrink into a point in dimension on the hinder 

neutnUize the earth’s action 6n the compass netdlc, cannot be without some dis- 
turbing influence of this kind. 
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side, and be again renewed on the side in ^vance, but 
at first not in its full intensity * so that it is not merdy tiie 
duniimtion d* surface arising from the abstracticm of a part of 
the metal, but a much more considerable defalcalicm of mag*- 
netic force which takes place on either side of the slit, that 
operates. Now this operation is always to weaken the drag 
between the magnet and the disc, and no reason, a priori, can 
be assigned why this effect should not take place to any 
extent, 

39 The validity of this reasoning is shown by taking the 
extreme case in which the substance acted on is in the state 
of powder. Each particle of this becomes necessarily a feeble 
magnet, and its north and south poles, being at the same 
distance (almost precisely) from the pole of the magnet, 
counteract each other's action. The extreme feebleness of 
their magnetism prevents the particles from affecting each 
other by induction across the intervals which separate them ; 
so that each acts as an individual, and destroys in great 
measure its own effect. The moment however a metalliCy 
i, Q. a magnetic contact is established between them, their 
mutual induction acts, and the result is a general develope- 
ment of one polarity in the region adjacent to the magnet ; 
and of the other, feebler and more diffused, in the parts of 
the mass remote from k. This is probably the rationale of 
the restoration of virtue which takes place when a cut disc is 
soldered up. And it is not difficult to conceive that a weak 
magnetism may^ be thus very faithfully transmitted through 
substances, such as bismuth and lead, whose direct action is 
very small, because, as we have seen, the intensity of their 
direct action depends, for one of its causes, on the retentive 
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power of the substancje, wMch is out of question in the indi- 
rect mode of action here considered. In fact, if the retentive 
power of the solder were reduced to nothing, i. e. if it gained 
and lost magnetism instantaneously, it would still act as a 
conductor, and probably the better for this quality ; so that 
the commumcation between opposite sides of a slit, or conti- 
guous portions of two adjacent particles of a powder, would 
still be kept up by it, provided it were susceptible of mag- 
netism at all. The observed and very striking fact then of 
the powerful action of bismuth as a conductor, while its ac- 
tion as a magnet is so extremely feeble, is in itself a strong 
argument for the independence of these two qualities, which 
we have designated by the expressions^susceptibility, and 
retentive power, and may possibly be made the foundation of 
a mode of distinguishing and measuring their degrees in 
different substances, 

C, B, 

I F. W. H. 



i: 497 3 


XXII. On the magnetism developed in copper and other substances 
during rotation. In a Letter from Samuel Hunter ChrjstiE, 
Esq, M. A. &c. to J. F. W. Herschel, Esq. Sec. JR. S. Com > 
municated by J. F. W. Herschel, Esq. 

Read June i6, 18*5. 

Dear Sir, 

A s you inform me that you are drawing up an account of 
your magnetical experiments, I send you a brief account of 
those which I have made: they may possibly bear upon 
some of the points which you have had under consideration ; 
and in this case you will not be displeased at being able to 
compare independent results* 

After having made experiments with a thin copper disk 
suspended over a horse-shoe magnet, similar to those which 
I witnessed at Mr. Babbage's, I made the following. 

A disk of drawing paper was suspended by the finest brass 
wire (No. 37) over the horse-shoe magnet, with a paper screen 
between. A rapid rotation of the magnet (20 to 30 times 
per second) caused no rotation in the paper, but it occasion- 
ally dipped on the sides, as if attracted by the screen, which 
might be the effect of electricity excited in the screen by the 
friction of the air beneath it. 

A disk of glass was similarly suspended over the magnet : 
no effect produced by the rotation. 

A disk of mica was similarly suspended : no effect. 

The horse-shoe magnet was replaced by two bar magnets, 
each 7.5 inches long, and weighing 3 oz, i0dwt. each, placed 
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horizontally parallel to each other, and having their poles of 
the same name contiguous. These produced quick rotation 
in a heavy disk of copper 6 inches in diameter, and suspended 
by a wire, No. so. 

A bar magnet 4* inches long, and having both its ^ds 
south poles, was made to revolve rapidly under a copper 
disk. The disk revolved in the same direction as the 
magnets. 

The two bar magnets before mentioned were adjusted to the 
axis of rotation, so that their upper ends were at the distance 
of 5 inches from each other, and their lower ends 1.8 inch 
apart. They were first made to revolve rapidly under the 
copper disk with poles of the same name nearest to the disk, 
and then with poles of a contrary name : the times in which 
the several rotations of the disk took place were as nearly as 
possible the same in the two cases. 



In the first three, I could only remark the time to the 
nearest second, having no assistance. Should the times 
agree precisely, which I have very little doubt they would be 
found to do, the result would, I think, be singular. It would 

* These expressions refer to the direction with respect to the spectator in which 
the rotation was performed. 
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show that the magnetism in the disk is instantaneously deve- 
loped by one pole of the magnet, and as instantaneously de- 
stroyed, and a contrary magnetism developed by the contrary 
pole ; or rather it would indicate, that the time during which 
the disk retained the induced magnetism was less than the 
time of half a revolution of the magnet. 

The same two bar magnets were laid horizontally by the 
side of each other, ^ inch a part. They were first made to 
revolve rapidly under the disk with their poles of the same 
name adjacent, and then with those of a contrary name 
adjacent. 


No. of 
revolutions. 

Poles of the same mime 
adjacent. 

Poles of a contrary name 
adjaceat. 

Screw. 

Unscrew. 

Screw. 

Unscrew. 

Time. 

Time. 

Time. 

Hme. 


m. s. 

m. s. 

m. s. 

m. 8. 

i 

29 

28 

3 * 


z 

40 

57 

42 

46 

3 

48 

46 

52 

58 

4 

56 

53 

1 01 

1 07 

5 

I 03 

1 00 

I II 

J >5 

6 

1 10 

I 06 

1 18 

I 23 

7 

I 16 

1 12 

I 25 

1 30 

S 

1 21 

1 1 17 

* 31 

I 36 

9 

1 26 

I 22 

I 37 

I 43 

lO 

* 3 * 

1 27 

I 43 

1 49 


From these it appears that the effect was but little dimi- 
nished by placing poles of a contrary name so close to each 
other. 

The adjacent poles being of the same name, they were 
connected by a piece of soft iron | inch thick, and ^ inch 
wide. After revolutions of the disk (screw), the torsion 
of the wire was equal to the force of the magnets, and the 

MDCCCXXV. T 
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same was the case at revolutions (unscrew). So that 
although the effects were greatly diminished by connecting 
the poles, they were by no means destroyed. 

The magnets were now placed over each other, first with 
poles of a contrary name, and then with those of the same 
name contiguous. 



Poles of a contrary name 


Poles of the »me name 

No. of 

contiguous. 


contiMous. 



No. of 



revelations. 

Screw. 

Unscrew. 

revolutions. 

Serew. 

Unscrew. 


Time. 

Time. 


Time. 

Time. 


m. s. 

m. s. 


s. 

s. 

1 

I 48 

I 3 * 

I 

21 

21 

2 

3 20 

2 40 

2 

30 

29 


3 50 


3 

4 

36 

42 

34 

39 

1 At 2,3^ (screw) and 2 % 

(unscrew) the 


47 

44 

torsion of the wire was equal to the force 

0 

5 * 

48 

of the magnets. 






So that although the upper magnet was nearer to the disk, 
by its own thickness, than in the 4th experiment, the effect 
when poles of contrary name contiguous was not half what it 
was when they were connected by the iron. 

A thick copper plate 8 inches in diameter and i inch thick, 
was placed on the axis of rapid rotation, its plane horizontal. 
A thin copper disk 4 inches diameter, and weighing 23.5 
dwts. was very delicately suspended over it by a fine brass 
wire (No. 37), with a paper screen between the plate and the 
disk. The distance between the surfaces of the plate and 
disk inch. The plate being put in rapid rotation, no sen- 
sible effect was produced on the disk. 

A bar magnet was placed on the screen under the disk : 
still no effect produced by the rotation. 
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A light needle, weight 42.5 grains, 6 inches long, on a 
pivot in a compass box, being placed over the plate, the rota- 
tion caused a deviation of 20"" ; but when a heavy needle, 
weighing 197 grains, and of the same length, was similarly 
placed over the plate, it immediately revolved rapidly with 
the plate. 

A bar magnet, weighing 3 oz. 15 dwts. ig grs. suspended 
by a wire, No. 20, revolved rapidly with the plate. 

A horse-shoe magnet, weighing nearly a pound, and sus- 
pended by the same wire, revolved with the disk. 

The following experiments were made with the view of 
ascertaining whether the effects increased nearly according 
to any power of the decrease of the distance. 

A strong needle, 6 inches in length, weighing 197 grains, 
and vibrating »2 times in a minute, delicately suspended on 
an agate within a rim accurately graduated, was placed with 
its centre exactly over that of the copper plate, and being ac- 
curately adjusted, so that the distance between the centre of 
the copper and that of the needle was such as I required for 
the observation, the copper was made to revolve rapidly 
(always as nearly as possible 12 times per second), and when 
the needle became stationary, the direction of its south end 
(being that most convenient for observation) was noted. This 
was done with the copper revolving in both directions, 

screw'' and unscrew," The direction of the south end 
of the needle was also observed before the rotation, 
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ir 

3*5 ill- 

3.0 in. 

2.5 in. 
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Screw - - 
Unscrew » 
Mean - - 

I 46W 
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* 39 

0 / 
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3 08 E 

3 14 

% 20 W 
6 00 E 

6 10 

0 / 

14 30W 

13 soE 

14 10 

^ 1 

29 40 W 7 Direction of south 
29 00 E 3 end of the needle. 
29 20 


On diminishing the distance to i.j inch, the needle re- 
volved with the plate, and very shortly so rapidly, that it had 
the appearance of an entire circle. 

After this I replaced the needle by others which were lighter, 
letting every thing else remain the same, that is, the distance 
still i.jinch. 



Needle weighing 
42.5 grs. 

Needle weighing 
25.5 grs. 

Screw - - 
Unscrew - 

0 / 

1 24 40W 

25 20 E 

^0 0 

0 0 0 


(I should mention that the needles were not at all neutralized). 

From the latter observations, it is evident that the effect 
produced depends upon the intensity of the magnetism in the 
needle employed ; and this I think proves clearly that the 
effect arises from the magnetism induced in the copper from 
the needle itself. 

If we suppose the ,tang. of the deviation to vary as 
then 6 and 6' being two deviations at the distances d and d!, we 

,h^lh.ven= 

Computing n from this, by a comparison of every two 
observations we have the following values of n : 
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If we suppose that the poles of the needle are urged by 
forces in the direction of the motion of the copper, which 
being constant in the copper, would affect the needle recipro- 
cally as the square of the distance ; then these forces in the 
copper being derived from the needle itself, we must suppose 
that their intensity will vary also reciprocally as the square of 
the distance: so that the force on the needle arising from 
this mutual action, would vary reciprocally as the fourth 
power of the distance. Taking the mean between the mean 
values of n above, when the distance is measured from the 
centre of the copper and from its surface, would give the value 
of n for an intermediate point 3.983, which is as near to 4, 
supposing that such ought to be the value, as we could expect 
the observations to give. 

The next experiments which I made were with the view of 
determining the law of force as regards the distance, when 
magnets act upon a copper disk. For this purpose I made 
use of the suspending wire as a balance of torsion. The re- 
sults which I have obtained in this manner give a much less 
rapid diminution of the force, as the distance increases, than 
appears to take place when a thick copper plate acts upon a 
small magnet, as in the former experiments, which agrees 
with what you have mentioned as following from your 
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results. The results obtained in the former case appear to 
indicate, that every particle in the copper urges the needle 
from the magnetic meridian with a force varying as 
which law would arise from the magnetism in 
the needle developing the magnetism in the particles of 
copper, so that its intensity would vary as and this 

magnetism again acting on the poles of the needle with a 
force varying as Supposing this to be the case, if z 

is the distance of a lamina of copper from the plane of the 
needle, s the arc of a circle in this lamina at the distance r 
from the axis of rotation, R the radius of the copper cylinder, 
t its thickness, c the distance of its upper surface from the 
needle, and a the distance of the pole of the needle from its 
centre : then the whole force with which the cylinder urges 
the needle will be proportional to 


Mi 


rdsdrdz 


Although this may be integrable, the integral would be in 
so complicated a form, that it would be very ill suited for 
comparison with the results obtained from observation ; but 
if we consider only the annulus of the copper immediately 
under the pole of the needle, which will be the most efficient 
part, we may readily make this comparison. For calling 6 the 

deviation, we should have sin. 6 = % const, or sin. 6 

= (~ — X const ; and consequently ^ ^ — 


= const. 
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From my experiments t being 1, 1 should obtain the fol- 
lowing values of - — — 

C 6 sin, a 

1 1 

c» (7+7p 

3.5 * 39 2*33>6-) 

3.0 3 14 2*6341 I 

2.5 010 2.6409 VMean 2.505 

2.0 1410 2.8144 1 

1.5 2920 2.1040J 

Although there is a considerable difference in the num- 
bers, especially the last, yet as the parts whose action is not 
considered have here the greatest effect, and all the observa- 
tions are liable to errors arising from the difficulty of making 
the copper revolve with the same velocity in all cases, I 
think the agreement is sufficiently near to indicate that the 
copper acts as I have supposed. A thick copper ring would 
be best adapted for obtaining results for comparison ; and 
when I have leisure I propose making use of one. 

For the purpose of determining the law according to which 
magnets act upon a copper disk at different distances, I sus- 
pended, successively, two copper disks over the bar magnets 
placed horizontally by the side of each other, with their poles 
of the same name adjacent. The magnets were made to re- 
volve until the torsion of the wire caused the disk to return 
in the contrary direction, when I considered that the force of 
torsion would be double the force with which the magnets 
urged the disk. The time in which this took place was 
noted, and also the degree of torsion. After this the magnets 
were made to revolve again with the same velocity, and the 
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torsion noted where the disk remained stationary by the 
action of the opposite forces of torsion and of the magnets. 
This was done at several distances ; and those distances, be- 
tween the magnets and the disk ascertained very accurately. 
In the observations with the disk which I have named A, the 
magnets were made to revolve with two different velocities ; 
one of nearly 12 revolutions per second, the other of nearly 
24 revolutions per second ; but with the disk C the magnets 
always revolved with the velocity 24 revolutions per second, 
as I found that I could keep more steadily to this velocity 
than to the other. The length of the suspending wire (No. 22) 
was the same in both cases 34.25 inches. The thickness of 
the magnets is ^ inch, so that I have added to the mea- 
sured distances between the upper surface of the magnets 
and the copper, to reduce them to the distances between the 
plane of the copper and a horizontal plane passing through 
the axes of the magnets. The following tables contain the 
results. 

Disk A, weight =s 1305 grains. 


Screw. 

Unscrew. | 

I 


Unscrews, 

Arc of toision ss force. 

Screws. 

Arc of torsion = force. 

Distance. 










Arc. 

Time, 

Vel. 12. 

VeU 24. 

Arc. 

Time. 

Vel. 12. 

Vel. 24. 


e 


0 

0 

6 

m. s. 

0 

0 

0.6 

1330 

Not obs. 

760 

1870 

1160 

I 09 

700 

1710 

l.l 

480 

I®10* 

270 

656 

455 

I 12 

250 

604 

1.6 

275 

I 10 

118 

270 

260 

I 09 

95 

236 

2.1 

13s 

I 10 

60 

142 

MO 

I 07 

48 

120 

2*6 

80 

I 06 

44 1 

72 

78 

I 12 

36 

56 
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Screw. 

Unscrew. 

Distance. 

Unscrews. 

Arc of torsion = force. 

Screws. 

Arc of torm 

an =s force. 

Arc. 

Time. 

Vel. 12. 

Vel. 24. 

Arc. 

Time. 

Vcl. 12. 

Vd. 34. 

0.6 

1 . 1 

1 .6 

2.1 

2.6 

7270 

34^5 

1670 

700 

308 

m. s. 

I 44 

1 42 

I 40 

1 39 

J 38 


364* 

1770 

834 

347 

184 

0 

7750 

3380 

1456 

680 

320 

m. s. 

* 43 

I 40 

I 40 

* 39 

* 39 


3874 

1680 

726 

354 

180 


It is evident from these results, that the force with which 
the magnets urge the disk, as the distance increases, de- 
creases much less rapidly than in the case of the copper 
plate revolving. If we suppose it to vary as then 

calling c and c* two distances and T and the correspond- 
ing torsions, which are equal to the forces of the magnets, 

„ ^ log- T— log. 

log. c' — log. c * 

Comparing the preceding results, the several values of n 


will be, 


Disk A. 
r 1-7*3 
I 1-995 


Values of » j 


2.087 

2.271 

-436 

2.429 

2.658 

2.420 

2.831 


U-354 


Disk C. 
1.285 

*•556 

1.864 

2.065 

2.118 

2.406 

2.614 

2.803 

2.998 

3,246 


These differ too widely from each other for us to suppose 
that the force varies as any exact power of the distance ; 

sU 
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but the approximation is evidently towards the inverse 
square. 

With regard to the forces with which different disks are 
urged at the same distance, they appear to be very accu- 
rately proportionarto the weights of the disks when their 
distances from the magnets are small ; but as the distances 
are increased, the forces appear to increase in a greater ratio 
than that of the weights of the disks. 


Distance 

.6 

1 .1 

1.6 

2.1 

2.6 


Torsion 

Weight 

= 1.372 

.483 

.194 

.100 

.049 

Disk A. 

Torsion 

Weight 

1.380 

•633 

.286 

•134 

.067 

Disk B. 


As it was only by a rough estimate, that I considered the 
velocity with which the magnets revolved under the disk A, 
was double in one case of what it was in the other, I would 
not, from these observations, pretend to determine the ratio 
of the forces as depending upon the velocities, but I should 
have little doubt that they are proportional. 

From these experiments it appears, that the time in which 
the disk begins to return, by the torsion of the ware, is the 
same at all distances ; and from another experiment it ap- 
peared to be independent of the velocity of rotation. This 
ought to be the case, the force accelerating the disk being 
constant ; and the retarding force, the torsion, varying as 
the distance from a fixed point. 

I fear that I have trespassed too long on your time by 
this account of the experiments which I have made, but had 
no idea of rendering it so long when I began. I shall be 
happy if any of these experiments throw any light upon the 
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subject ; and I beg you will make whatever use you think 
proper of them, and likewise of the account I before sent 
you.^ 

I am, dear Sir, 

very truly your^s, 

S. H. CHRISTIE. 

In a former letter^ dated May 1 1 : the experiments related in which are embo> 
died in this communication. (H.) 

JRa^al MiMary Academy, 

\ztk June, 1825. 
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XXIII. On the annual variations of some of the principal fixed 
Stars. By J. Pond, F,R. S, Astron, Royal. 

Read June i6, 1825. 

HENEVER any difference of opinion exists on philosophical 
subjects depending on experiment or observation, it is much 
more useful simply to state facts, than to reason on them 
prematurely- Having this principle in view, I am induced to 
transmit to the Society the annexed small Table, which con- 
tains the annual variations of some of the fixed stars, as 
deduced both from Dr. Brinkley’s observations and my 
own, and by which each may be compared with the annual 
variations determined by very distant observations, according 
to the more usual method. Of sixteen stars south of the 
zenith, observed at Dublin, it will be seen, by the table, that 
thirteen of them either indicate, or at least are not incon- 
sistent with that irregularity which I have noticed under the 
name of southern deviation ; of these thirteen, about half 
indicate rather a greater deviation than I have assigned to 
them, the other half deviate less. The three remaining 
stars. Castor, a Aquilse, a Cygni, deviate in a contrary 
direction. The difference in a Cygni is considerable, and 
not easily to be accounted for, as this star is one of those 
most frequently observed at each observatory, and is so near 
the zenith as not to be easily affected by the uncertainty of 
astronomical refraction. 

I fear the examination of these tables will rather increase 
than diminish that tendency to scepticism which does and 
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indeed ought to exist, relative to the determination of such 
very small quantities by astronomical observation ; but I 
deem it peculiarly incumbent on any one, placed in the situa- 
tion which I hold, not to be influenced by these considera- 
tions : on the contrary, the difficulty and perplexity of the 
subject should only act as an incentive to contrive more 
powerful methods of investigation. 

Nothing has ever been farther from my intention, than to 
place this subject in a controversial point of view. It would 
be w'orse than useless so to do, since the difficulty will in the 
space of a very few years in all probability be satisfactorily 
explained. 
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Dr. Brinkley, 
ISIS. 

Dr. Brinkley, 
1810 . 

i 

1 

ii 

li 

Q S 

g w 

i 5 

Annual Variation 
from 

Greenwich Obs. 
of 1813 and 1833 . 

Annual Variation 
from 

Greenwich Oba. 
of 1758 and 1813. 

1 

2 

« Cassiopeis. 
Polaris. 

34.29.22.59 

34.27.23.47 

— 

19.85 

19.70 

19.85 

3 

4 

5 

a Arietis. 

» Ceti. 
a Persei. 

67.25.36.76 

67.23.53.25 


17.25 

17.22 

17.40 

6 

7 

S 

Aldebaran. 

Capella. 

Rigel. 

73.52.35.98 

73.51.49.22 


7-79 

777 

7.92 

9 

/S Tauri. 

61.33.44.22 

6r.33.2i.76 

— 

3-74 

3-72 

3.80 

10 

11 

et Orionis. 
Sirius. 

82.38. 9.23 

8i.38.1j.94 

— 

1.12 

1.15 

1.36 

12 

Castor. 

57.42.47.54 

57.43.29.94 

+ 

7.07 

7,22 

7.12 

13 

Procyon. 

84.18.15.33 

84.19. 8.42 

+ 

8.85 

8.92 

8.63 

H 

*5 

Pollux. 

» Hydras. 

61.31.56.07 

61.32.44.98 

+ 

8.1S 

8.04 

8.02 

16 

*7 

Regulus. 

• UrssB maj. 

77. 7.23.06 

77 * 9 * 745 

+ 

17.40 

17.28 

17.23 

18 

iSLeonis. 

74.22.56.44 

74.24.57.91 

+ 

20.24 

20.08 

20.04 

>9 

20 

y Ursa: maj. 
Spica Virg. 

35.15.56.22 

35.17.55.15 

; + 

19.82 

19.95 

19.98 

21 

u Ursse maj. 

39.44.58.37 

39.46.47.18 

+ 

18.13 

18.16 

18.15 

22 

23 

Arcturus. 
jS Ursae min. 

69.50.19.33 

69.52.13,66 

i 

19.05 

19.01 

18.97 

24 

a Cor. Bor. 

62.38.55.51 

62.40.10.46 

+ 

12.49 

12.51 

12.45 

26 

27 

a Serpentis. 

An tares, 
a Herculis. 

82.58.38.81 

82.59.49.73 

+ 

1 1.82 

1173 

11 72 

28 

« Ophiuchi. 

77.17.40.39 

77.17-58.23 

+ 

3-31 

3.16 

3.08 

29 

y Draconis. 

38.29. 3.70 

38.29. 7.51 j 

+ 

0.63s 

0.69 

0.67 

30 

et Lyrae. 

51.23. 0.84 

51.22.42.84 1 

— 

3.00 

2.94 

3.02 

31 

a Aquila;. 

81.36.59.85 

81.36. 5.1 1 1 

— 

9.12 

8.93 

9.06 

32 

X Cygni. 

45.22.58.30 

4521.42.30 

— 

12.65 

12.47 

12.63 

33 

X Cephei. 

28.12.13.90 

28.10.42.74 

— 

15.19 

14.99 

15.07 

34 ! 

/S Cephei. 

20.I5.31.4I 

20.13.57.05 

— 

1573 

15.66 

15.68 

36 

37 

X AquariL 

X Pegasi. 

X Andromed. 

91.13.21.75 

91.11.39.40 

j 


17.06 

17.00 

17.27 


The first and second columns of the above table are taken 
from two papers of Dr. Brinkley, the one printed in the Irish 
Transactions^ the other in the Philosophical Transactions 
for 18S1. 
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XXIV. On the nature of the function expressive of the law of 
human mortality^ and on a new mode of determining the value 
of Life Contingencies. In a Letter to Francis Baily, Esq. 
F.R. S. &c. By Benjamin Gompertz, Esq. F. R. S. 

Read June i 6 , 1825. 

Dear Sir, 

The frequent opportunities I have had of receiving 
pleasure from your writings and conversation, have induced 
me to prefer offering to the Royal Society through your 
medium, this Paper on Life Contingencies, which forms part 
of a continuation of my original paper on the same subject, 
published among the valuable papers of the Society, as by 
passing through your hands it may receive the advantage of 
your judgment. 

I am. Dear Sir, yours with esteem, 
gth June 1 825. Benjamin Gompertz. 


CHAPTER 1 . 

Article 1. In continuation of Art. 2. of my paper on the 
valuation of life contingencies, published in the Philosophical 
Transactions of this learned Society, in which I observed the 
near agreement with a geometrical series for a short period of 
time, which must pervade the series which expresses the 
number of living at ages in arithmetical progression, pro- 
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ceeding by small intervals of time, whatever the law of 
mortality may be, provided the intervals be not greater than 
certain limits: I now call the reader's attention to a law 
observable in the tables of mortality, for equal intervals of 
long periods ; and adopting the notation of my former paper, 
considering L to express the number of living at the age jc, 
and using x for the characteristic of the common logarithm ; 
that is, denoting by x(y the common logarithm of the 
number of persons living at the age of x, whatever x may 
be, I observe that if X (L) — X (L^^), x (L^^) -x (L^ J 

i^+ 3 J> 5 is to say, 

if the differences of the logarithms of the living at the ages 
n, w + m; w + w, n + 2m; n + 2m, n + sm; See, be con- 
stant, then will the numbers of living corresponding to those 
ages form a geometrical progression ; this being the funda- 
mental principle of logarithms. 

Art. 2. This law of geometrical progression pervades, in 
an approximate degree, large portions of different tables of 
mortality ; during which portions the number of persons 
living at a series of ages in arithmetical progression, will be 
nearly in geometrical progression ; thus, if we refer to the 
mortality of Deparcieux, in Mr. Baily's life annuities, we 
shall have the logarithm of the living at the ages 15, 25, 35 , 
45, and 55 respectively, 2,9285; 2,88874; 2,84136; 2,79379; 
2.72099, for X (L) ; ^ ^ 

X |Lj — X JLJ = , 04738 X |LJ — X ly = , 04757, and con- 
sequently these being nearly equal ( and considering that for 
small portions of time the geometrical progression takes place 
very nearly) we observe that in' those tables the numbers of 



expressive of the law of human mortality ^ &c, 5x5 

living in each yearly increase of age are from ^6 to 45 
nearly, in geometrical progression. If we refer to Mr. 
Milne's table of Carlisle, we shall find that according to 
that table of mortality, the number of living at each successive 
year, from 92 up to 99, forms very nearly a geometrical 
progression, whose common ratio is \ ; thus setting out with 
75 for the number of living at 92, and diminishing continu- 
ally by we have to the nearest integer 75, 56, 42, 32, 24, 
18, 13, 10, for the living at the respective ages 92, 9 S, 94, 
95, 96, 97, 98, 99, which in no part differs from the table by 
^th part of the living at 92. 

Art. 3. The near approximation in old age, according to 
some tables of mortality, leads to an observation, that if the 
law of mortality were accurately such that after a certain 
age the number of living corresponding to ages increasing in 
arithmetical progression,decreased in geometrical progression, 
it would follow that life annuities, for all ages beyond tliat 
period, were of equal value ; for if the ratio of the number 
of persons living from one year to the other be constantly 
the same, the chance of a person at any proposed age living 
to a given number of years would be the same, whatever 
that age might be ; and therefore the present worth of all 
the payments would be independent of the age, if the annuity 
were for the whole life ; but according to the mode of cal- 
culating tables from a limited number of persons at the 
commencement of the term, and only retaining integer num- 
bers, a limit is necessarily placed to tlie tabular, or indicative 
possibility of life ; and the consequence may be, that the 
value of life annuities for old age, especially where they are 

MDCCCXXV. 3 X 
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deferred, should be deemed incorrect, though indeed for im- 
mediate annuities, where the probability of death is very 
great, the limit of the table would not be of so much con- 
sequence, for the present value of the first payment would 
be nearly the value of the annuity. 

Such a law of mortality would indeed make it appear that 
there was no positive limit to a person's age ; but it would 
be easy, even in the case of the hypothesis, to show that a 
very limited age might be assumed to which it would be 
extremely improbable that any one should have been known 
to attain. 

For if the mortality were, from the age of 93, such that ^ 
of the persons living at the commencement of each year 
were to die during that year, which 1 have observed is nearly 
the mortality given in the Carlisle tables between the ages 
93 and 99 * it would be above one million to one that out of 
three millions of persons, whom history might name to have 
reached the age of 93, not one would have attained to the 
age of 193, notwithstanding the value of life annuities of all 
ages above 92 would be of the same value. And though the 
limit to the possible duration of life is a subject not likely 
ever to be determined, even should it exist, still it appears 
interesting to dwell on a consequence which would follow, 
should the mortality of old age be as above described. For, 
it would follow that the non-appearance on the page of 
history of a single circumstance of a person having arrived 


* If from the Northampton tables we take the numbers of living at the age of 
88 to be 83, and diminish continually by J for the living, at each successive age, we 
should have at the ages 88, 89, 90, 91, 92, the number of living 83 ; 61.3 ; 45.9; 
34,4} 25.8 ; almost the same as in the Northampton table. 
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at a certain limited age, would not be the least proof of a 
limit of the age of man ; and further, that neither profane 
history nor modern experience could contradict the possibi- 
lity of the great age of the patriarchs of the scripture. And 
that if any argument can be adduced to prove the necessary 
termination of life, it does not appear likely that the materials 
for such can in strict logic be gathered from the relation of 
history, not even should we be enabled to prove (which is 
extremely likely to be the state of nature) that beyond a 
certain period the life of man is continually becoming worse. 

Art. 4. It is possible that death may be the consequence 
of two generally co-existing causes ; the one, chance, without 
previous disposition to death or deterioration ; the other, a de- 
terioration, or an increased inability to withstand destruction. 
If, for instance, there be a number of diseases to which the 
young and old were equally liable, and likewise which 
should be equally destructive whether the patiexit be young 
or old, it is evident that the deaths among the young and 
old by such diseases would be exactly in proportion of the 
number of young to the old ; provided those numbers were 
sufficiently great for chance to have its play ; and the inten- 
sity of mortality might then be said to be constant ; and 
were there no other diseases but such as those, life of all 
ages would be of equal value, and the number of living and 
dying from a certain number living at a given earlier age, 
would decrease in geometrical progression, as the age in- 
creased by equal intervals of time ; but if mankind be con- 
tinually gaining seeds of indisposition, or in other \vords, an 
increased hability to death (which appears not to be an un- 
likely supposition with respect to a great part of life, though 
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the conti^y appears to take place at cW:^ii periods) it would 
follow that the number of living out of a given numb^ of 
perscaas at a given age, at equal successive incrementE g£ 
age, would decrease in a greater ratio than the geometrical 
progression, and then the chances against the knowledge of 
any one having arrived to certain defined terms of old age 
might increase in a much faster progressimi, notwithstandkig 
there might still be no limit to the age of man. 

Art. 5. If the average exhaustions of a man's power to 
avoid death were such that at the end of equal infinitely 
small intervals of time, he lost equal portions of his remain- 
ing power to oppose destruction which he had at the com- 
mencement of those intervals, then at the age .r his power to 
avoid death, or the intensity of his mortality might be denoted 
^ ^tid q being constant quantities ; and if L^, be the 

number of living at the age jc, we shall have a x q-x^ for 

. t 

the fi uxion of the number of deaths = — (L J ah ^ » 

X 

/. ahf = — h y p . log. of x h y p . log. of , and putting 
the common logarithm of ^ x square of the hyperbolic loga- 
rithm of 10 = r, we have c,q* = common logarithm of 

; d being a constant quantity, and therefore or the 

number of persons living at the age of x=d,gi^ ; g being 
put for the number whose common logarithm is c. The 
reader should be aware that I mean to represent g raised 
to the power q * and not g f raised to the x power ; which 

latter I should have expressed by , and which would 
evidently be equal to I take this opportunity to make 
this observation, as algebraists are sometimes not sufiSciendy 
precise in their notation of exponentials. 
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This equation between the number of the living, and tl^ 
age, becomes deserving of attention, not in consequence of its 
hypothetical deduction, which in fact is congruous with many 
natural effects, as for instance, the exhaustions of the receiver 
of an air pump by strokes repeated at equal intervals of time, 
but it is deserving of attrition, because it appears corrobo- 
rated during a long portion of life by experience ; as I derive 
the same equation from various published tables of mortality 
during a long period of man s life, which experience ibere- 
fore proves that the hypothesis approximates to the law of 
mortality during the same portion of life ; and in fact the 
hypothesis itself was derived from an analysis of the expe- 
rience here alluded to. 

Art. 6. But previously to the interpolating the law of mor- 
tality from tables of experience, I will premise that if, 
according to our notation, the number of living at the age x 
be denoted by , and x be the characteristic of a logarithm, 
or such that x (LJ may denote the logarithm of that number, 
that if X (LJ — A (L„ ^ J = m, X (L^ ^ — X (L„ ^ = mp, 

^ ^ (La + 3r) = ; and generally x (L^+^irr) — 

^(La + n) ~ ; that by continual addition we shall 

n 

have x(LJ — x(L^^ J==w( 

I 1 

m , ; and therefore if = q, and 5 be put equal to the 

number whose common logarithm is 7^, we shall have 

'^(La + „) = >^(LJ-X(6) x{l -?") = x(^!^) +X (e).?-; 

L 

^ = ~ X ; and this equation, if for a + w we write 
X, will give L^=f • el ^ ^ ; and consequently if -7 be put 
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a « 

= //, andTi^=g*, the equation will stand , and 

x(^)=x{€)xg~^=7r^; and I observe that when q is 
affirmative, and x ( e) negative, that x (g) is negative. The 
equation ^ may be written in general x (L^) = K(d)± 

the positive number whose common logarithm is {x® (g) -f- 
X X (g ) } , the upper or under sign to be taken according as the 
logarithm of g is positive or negative, X® standing for the cha- 
racteristic of a second logarithm ; that is, the logarithm of a 
logarithm, X (g) = ~ x X (/>), X® (g) = X® (e) ~ a,K (q) = 
X(g)=X (m ) — ^X (i — />) — aX(g); also k(d) = 
X (L ) — — . 

Art. 7. Applying this to the interpolation of the North- 
ampton table, I observe that taking a = 15 and r= 10 from 
that table, I find X (L^)— X (L^ ^ ^ )= , 0566 = m, X (L^ ^ ^ 

(I'« + *r)=.0745,)i(L„^^^) — x(L„^ 3,) = ,0915, and 
X — X(L^_j_^^) = ,i 228 ; now if these numbers were 

in geometrical progression, whose ratio is p, we should have 
respectively m = ,0566 ; mp = ,0745 ; mp^ =,0915 ; mp^= 
,1228. No value of p can be assumed which will make these 
equations accurately true ; but the numbers are such that p 
may be assumed, so that the equation shall be nearly true ; 
for resuming the first and last equations we have p^ = l^\ 
logarithm oi p = ^(logarithm of 1228 — logarithm of 
566) = ,1121s, .% X(g)=: ,01121s and p = 1,2944. And to 
examine how near this is to the thing required, continually 
to the logarithm of ,0566 namely 2,75282, adding ,1121s 
which is the logarithm of we have respectively for the 
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logarthms oimp, of mf, of mp^ the values 2,8649, 2,9771, 
1,0892; the numbers corresponding to which are ,07327; 
,09486 ; ,1228 ; and consequently w, mp, mf, ^d mp^ re- 
spectively equal to ,0566; ,07327; ,09486, and ,1228 which 
do not differ much from the proposed series ,0566 ; ,07327 ; 
,09486, and ,1228 ; and according to our form for interpola- 
tion, taking m= ,0566 and p = 1,2944; we have 7— = 
— —,1922 ; and agreeably to the Northampton 

tables, being = 3,7342 we have X {d)= 3,7342 + ,1922 == 
3,9264, ^ = 8441, X® (^), that is to say, the logarithm of the 

logarithm of ^ = x | — a X = 1,28375 — ,16819 = 

1,1156, X(g)=- ,130949= 1,8695, the negative sign being 
taken because X (§*) = X (e ) x ^ = 7^ . and g = ,7404* 
And therefore x being taken between the limits, we are to 
examine the degree of proximity of the equation L^ = 
8441 X 7404/ ^'°*^** or ^(L^), that is, the logarithm of the 
number of living at the age 3,9264 — number whose 
logarithm is (1,11556 + .r x .011213), as the logarithm of g 
is negative. The table constructed according to this formula, 
which I shall lay before the reader, will enable him to judge 
of the proximity it has to the Northampton table ; but pre- 
viously thereto shall show that the same formula, with dif- 
ferent constants, will serve for the interpolations of other 
tables. 

Art. 8. To this end let it be required to interpolate 
Deparcieux's tables, in Mr. Daily's life annuities, between 
the ages 15 and 55. 
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The logarithms of the living at the age of 


15 are 2^92840 differences —,03966 s — 


29 

2,88874 

/)4738 = ^(I.,5)-^(L3j) 

35 

2,84136 

’°4757=^(L35 )-x(L 4 s) 
.07280 = >^^55) 

45 

2*79379 

55 

2,72099 



Here the three first differences, instead of being nearly in 
geometrical progression are nearly equal to each other, 
showing from a remark above, that the living, according to 
these tables, are nearly in geometrical progression ; and the 
reader might probably infer that this table will not admit of 
being expressed by a formula similar to that by which the 
Northampton table has been expressed between the same 
limits, but putting. 


on the supposi- 
tion of the possi- 
bility* though ^ 
the fhing cannot 
be accurately 
true. 


H^»)= 

= • • • 

X^L^^ =; X »» 


zz 2,92840 *1 


=: 2,88874 
= 2,84136 
= 2*79379 


! and we 
y shall 
I have 


=: 2,72099 


— ^(^35) equal m + »?;/> = ,08704, and x(L^p — 
x{L^^) or its equal p^%m^ pra= ,12037 ; = and 

, , r j. log. of 1 2037 — log. of 8704 

the log. of /> = -5 ^ = ,07c 




P=i,i76,/?J = 7^~=^^^ = ,04. And to see how these 
values of m and p will answer for the approximate determi- 
nation of the logarithms above set down of the numbers of 
living at the ages 15^ 35, 45> and 55, we have the fol- 

lowing easy calculation by continually adding the logarithm 
of 
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Logarithm of m = 2,6020600 

Log. of =0,0703997 

■ — therefore CTp =,047039 

Log. of wp = 2,67245 97 mp * =,055317 

Log. of mp^zz 2,7428594 = ,065051 

Log. oimp^zz 2,8128591 


— m = — ,04 

X 2,88840 

,04704 

^,84136 
— mp* = —,05532 


2,78604 
— my = — ,06505 


jJt,7*099 

These logarithms of the approximate number of living at 
the ages 15, 25, 35, 45 and 55, are extremely near those 
proposed, and the numbers corresponding to these give the 
number of living at the ages 15, 25, 35, 45 and 55, respect- 
ively, 848; 773,4; 694; 612,3; and 526; differing very 
little from the table in Mr. Daily's life annuities ; namely, 
848 ; 774 ; 694 ; 622 and 526. And we have ^ = 15, r=io, 
m = ,04; x(w)= 1,60206; 1— — ,176; xg = *i^X(/>)= 

--a —a 

,00703997; Hg) = TTJ = — -%6 ’ negative; 

K\ (g) =\(, 04 ) — IS X, 00704 — X ( ,176) = T,2S093 ; 
X(d) = x(La) — ^=2, 9384 4,22727= 3,1557 ;.-.>^(L^ = 
3,1557 — number whose log. is (1,25095 + ,00704 x), for 
the logarithm of living in Deparcieux' table in Mr. Daily’s 
annuities, between the limits of age 15 and 55. The table 
which we shall insert will afford an opportunity of appre- 
ciating the proximity of this formula to the table. 

Art. 9. To interpolate the Swedish mortality among males 
between the ages of 10 and 50, from the table in Mr. Daily’s 
annuities : 

SY 


Mncccxxv. 
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= 3,779091 

=: 3,746868 to beassumedss ^(^0)“***® 

= 3,703205 . . =:x^L^J— 

x(L^) = 3,648165 , . = 

X^L^j = 3,564192 . . =X(L^o)-«--.m;»-«^*- V 

Consequently m = x — X J = ,075886, and 
X — X = />• X m + rnp = ,139013 ; therefore 

.-. p=l ,35S5; mz='^^= 

* ' ^3535 ’ ^(”*) = 2 .So 84775 ; »*=, 032244; a=io; r=io; 
>>{9)= .01314468; = negative; XX (g) = X(m) 

—10 X(^)— X(, 3 S 35 ) =2,82861; x(< 0 = == 

3,779091 + 091218, = 3,8703; consequently this will give 
between the ages 10 and 50 of Swedish males, 

X or the logarithm of the living at the age of x= 
3,8703 — number, whose logarithm is (2,8286i+,oi3i45x). 

A table will also follow to show the proximity of this with 
Mr. Baily's table. 

Art. 1 o. For Mr. Milne's table of the Carlisle mortality 
we have, as given by that ingenious gentleman, 

X (LioJ = 3,8102s 
^ (L„) = 3,78462 

^ (L50) = 3,75143 
(L^o) = 3,70544 

X = 3,64316 

^ (Lfio) = 3,56146 

And the difference of these will form a series nearly in 
geometrical progression, whose common ratio is f , and in 
consequence of this, the first method may be adopted for the 
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interpolations. Thus because X = ,035^1, the 

first term of the differences, and X — X = ,0817, 
the fifth term of the differences : take the common ratio 
ssipp, and m= ,0256; x(»j)= ^,40824. These will give 

X (^) = ,126 ; p = 1,3365 ; J = 10, r = 10, X (^) = ,0126, 
= = ^ is) negative; \\g = 2^0824 

— ^(,3365)— .126 = 2,7S526 ; and \(d) = X (L, J + s 

3,88631, and accordingly, to interpolate the Carlisle table of 
mortality for the ages between lo and 6o, we have for any 
agex, 

XjL^j=:S, 88631— number whose logarithm is (2,88i26+,oi26x). 

Here we have formed a theorem for a larger portion of 
time than we had previously done. If by the second method 
the theorem should be required from the data of a larger 
portion of life, we must take r accordingly larger ; thus if a 
be taken lo, r = 12, then the interpolation would be formed 
from an extent of life from 10 to 58 years ; and referring to 
Mr. Milne's tables, our second method would give X = 
3,8906s — the number whose logarithm is (2,784336 
+,0120948 x); this differs a little from the other, which 
ought to be expected. 

If the portion between 60 and 100 years of Mr. Milne's 
C arlisle table be required to be interpolated by our second 
method, we shall find p = 1,86466 ; X (m)== 1,30812 ; m = 
,20329, &c. and we shall have X =3,79657 — the num- 
ber whose logarithm is (3,74767 + ,02706 x). 

This last theorem will give the numbers corresponding to 
the living at 60, 80, and 100, the same as in the table ; but 
for the ages 70 and 90, they will differ by about one year: 
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the result for the age of 70 agreeing nearly with the living 
corresponding to the age 71 ; and the result for the age 90, 
agreeing nearly with the living at the age 89 of the Carlisle 
tables. 

Art. 11. Lemma. If according to a certain table of mor- 
tality, out of a, persons of the age of 10, there will arrive 
b, r, d, &c. to the age 20, go, 40, &c.; and if according to the 
tables of mortality, gathered from the experience of a parti- 
cular society, the decrements of life between the intervals 
10 and 20, 20 and 30, 30 and 40, &c. is to the decrements in 
the aforesaid table between the same ages, proportioned to 
the number of living at the commencement of those intervals 
respectively, as 1 to w, 1 to n\ 1 to w ", &c. it is required to 
construct a table of mortality of that society, or such as will 
give the above data. 

Solution. According to the first table, the decrements of 
life from jo to 20, 20 to so, 30 to 40, &c. respectively, will 
be found by multiplying the number of living at the com- 
mencement of each period by &c., and 

therefore, in the Society proposed, the corresponding decre- 
ments will be found by multiplying the number of living at 
those ages by n ; n * ; w" &c. ; and the number of 
persons who will arrive at the ages 20, so, 40, &c. will be 
the numbers respectively living at the ages 10, 20, 30, &c. 
multiplied respectively by 

&c.; hence out of the number a, living at the age 10, there 
will arrive at the age 10, 20, so, 40, 50, &c. the numbers 

1 — « .a + nb; ^ i^n.a+nb x 

1 — yf . b n c ^ 1 — n". n!\ d , and the numbers for 

b c 

the intermediate ages must be found by interpolation. 
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In the ingenious Mr. Morgan’s sixdi edition of Price’s 
Annuities, p. 1 83, voL i. it is stated, that in the Equitable Assu- 
rance Society, the deaths have differed from the Northampton 
tables ; and that from 10 to 20, 20 to 30, 30 to 40, 40 to 50, 
50 to 60, and 60 to 80, it appears that the deaths in the 
Northampton tables were in proportion to the deaths which 
would be given by the experience of that society respectively, 
in the ratios of 2 to 1 ; 2 to 1 ; 5 to 3 ; 7 to 5, and 5 to 4. 
According to this, the decrements in 10 years of those now 
living at the ages 10, 20, so, and 40, will be the number 
living at those ages multiplied respectively by ,0478 ; ,0730 ; 
,1024; ,1284 ; and the deaths in twenty years of those now 
living at the age of do, would be the number of those living 
multiplied by ,3163. And also, taking, according to the 
Northampton table, the living at the age of 10 years equal to 
5675, I form a table for the number of persons living at 


the ages . . 

lO 

20 

30 

40 1 

SO 1 

60 

70 

being . . . 

and the log. of 1 

5675 

54031S 

5010 

4496 

39»9 j 

3116 

* 

the number of 
persons living J ' 

3.756** 

3,73268 

3.69984 1 

! 

3>65283 

3>593»8 

3493^0 

* 


Consequently, if a=: 20, r = 10, we have x (^20)= 3,73268 ; 
5 ^ (V) == ^ (^20) —m — mp - 3,6528 3 ; X (L fo) — 

mp — mp ^ — mp ^= 3,493^0; m,i + p = ,07985 ; and 
wjp* X 1 +/>= 3,65283 — 3,49360 =,15923; hence A(/>)= 
i A (-5^) = ,149875; and />=i, 412131; A(w)=x(,o 7985)— 
X ( 2 ,41 243 ) =2,5 198 74 ; and = ,03301 3 ; x (e) = 
negative; X (g) is negative; XX(g)=Xro — X,4i2i3i — 
,0149875 X 20 = 5,6051 ; \(d) = x — X («)= 3.73268 — 

,080302 = s,8is suffidently near ; and our formula for the 
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mortality between the i ;es of 20 and 60, which appears to 
me to be the experience of the Equitable Society, is X 
3,81s — the number whose log. is (^.6051 + ,0149875 x). 


This formula will give 


At the 

10 

20 

30 

¥> 

50 

60 

70 

No. of living . 

5703,2 

5403.5 

3007 

4496 

3862 

3116 

» 

Differs from thel 
proposed by J 

28,2 

0 

+ 3 

0 

— 57 

0 



In the table of Art. 12, the column marked 1, represents 
the age ; column marked 2, represents the number of persons 
living at the corresponding age ; column marked 3, the error 
to be added to the number of living deduced from the for- 
mula, to give the number of living of the table for which 
the formula is constructed; column marked 4, gives the 
error in age, or the quantity to be added to the age in column 
1 , that would give the number of living in the original table, 
the same as in column 2. It may be proper to observe, that 
where the error in column 3 and 4 is stated to be o, it is not 
meant to indicate that a perfect coincidence takes place, but 
that the difference is too small to be worth noticing. 
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CHAPTER II. 

Article i. The near proximity to the geometrical pro- 
gression of the series expressing the number of persons living 
at equal small successive intervals of time during short 
periods, out of a given number of persons living at the com- 
mencement of those intervals, affords a very convenient 
mode of calculating values connected v^ith life contingencies, 
for short limited periods ; by offering a manner of forming 
general tables, applicable (by means of small auxiliary tables 
of the particular mortalities) to calculations for any parti- 
cular mortality; and by easy repetition, to calculate the 
values for any length of period for any table of mortality we 
please. 

If, for instance, it were required to find the value of an annuity 
of an unit for p years, on three lives of the age 6 , c, d, the rate 
of interest being such that the present value of an unit to be 
received at the expiration of one year, be equal to r, then the 

value of the first payment would be — — x • " x x r; 

and of the payment the present value would be x 
^ ^ ; but if = Lj X (■^)^whether p be 

1, 2, 3, &c. which will be the case when L^, 

&c. form a geometrical progression, and similarly, if = 

+ p = pre- 



ex^n$m of law (f fmmm tmrkMy^ &c. sst 


V 

V h, c,d / 


haice, if 


sent value of the payment will be ^ 

f |je put ass the value of the annuity will be 

Art. s. Con^quentiy, let a general table be formed df the 
logarithm of for every value of the log. of a^; and also 


let a particular table be formed for every value of the log. of 
according to the particular table of mortality to be 

^ ' It Li 

adopted ; from the last table take the log. of * 

L 6 c 

; and also from a table constructed for the purpose, 

take the log. of r^, add these four logs, together, and the 
sum will be the log. of which being sought for in the 
general table, will give the Ic^. of which will be 

the log. of the annuity sought for the term p, on supposition 
of the geometrical progression being sufficiently near. Here 
I remark, that were it not for more general questions than 
the above, it would be preferable to have general tables 
formed for the values of , instead of the log, of such 

values ; but from the consideration that for most purposes a 
table of the logs, of will be found most convenient, I 

have had them calculated in preferotce. 

Art. 3* The shorter the periods are, the nearer does the 
series of the number of persons living at the equal intervals 
of successive ages approximate to the geometrical progres- 
sion; and consequently this mode, by the assumption of 
suflSciendy short periods, and freqi^nt repetitlohs, will answer 
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for any degree of accuracy the given table of mortality will 
admit of, but then the labour will be increased in proportion. 

Art. 4. There are different modes of obviating, in a great 
measure, this inconvenience, by assuming an accommodated 
ratio for the given age, instead of the real ratio, from amongst 
which I shall only for the present select a few. The first is 


as follows : find for every value of the log. of \ i 

P T 


is, the log. of -f. H — • . • . ^ ; seek 

this value in the general table, which will give the corres- 
ponding value of the log. of ; and construct a table of such 
values for every value of a, and adopt these values for log. 

of aP, instead of the abovenamed values of the log, of 

for the determination of the values of the limited periods : the 
preference of this to the first proposed method consists in 

this ; that if the series f x J= 

the series &c. beingnearly 

in geometrical progression, and-l±i — C= s , 

&c.will be small, and e^-J- g^-j- . fijp=o, and there^ 


fore, if the series &c. and 

formed accurately geometrical progressions, and the value of 
_£+I — . r=sm, the value of the annuity for the term 
wcmMbeaccuratdyequalto»ie4.»B*C*4.TO®G* . , . . .j. 
mfe'’+ + mf, but because in 


^*&c 



expm^ if the law of kman mortality, &c. 5SS 

generai -ftl ^ and r diflfer very little from unity, m 

will not cMfFer much from unity ; and therefore if p he not 
great, &c. will not differ much from unity ; and 

consequently, as g^, g^, &c. are small, mg^+ ^*^3+ 

mfe^ will not diflfer much from gj+ ««+ + V 

has been shown to be o ; consequently mg^^ *9+ v*** 

differs very little from o, or in other words is very 


small ; and consequently, the value of the annuity differs 

very little from mC + + ; and the 

same method of demonstration would apply with any one of 
the other ages, the remaining ages being supposed to possess 
the property of the accurate geometrical progression ; not- 
withstanding this, however, as none of them probably will 
contain that property, but in an approximate degree, a varia- 
tion in the above approximations may be jn’oduced of a 
small quantity of the second order ; that is, if the order of 
the product of two small quantities ; but, as in this approxi- 
mation, I was only aiming at retaining the quantities of the 
first order, I do not consider this as affecting the result as far 
as the approximation is intended to reach: thus far with 
regard to the first accommodated ratios. 

Art. 5. Moreover, on the supposition that L^, L 




L . , and also L , , L . . , L , . 




C + 1 » 

are 


c+i 




series in geometrical progression, and that r. 

c « 

m = Since the annuity for p years on the three liv^ is 


equal to- 




he 


m ' 


+ “XT"* 


mr it follows 



5 ^ m the fki^m of 

that if %fc«.„ + <^,/ = 

r.n 4* f ! »* + ^ » ® + cftt'that if n be very nearly equal 

to «, —j^.n.q + "h ~ ^ -'.«*.g* + &c wMch 

will be the vMue gf the anniuty on the three Hves, will be 

nearly s=s €,n.q + + &c g If q were 

equal to unity, or, which is the same thing, mz=zn^ the 
equality would be accurate ; but it may not be so when m 
differs from i ; but the nearer « is to m, at least when the 
difference does not exceed certain limited small quantities, 
the nearer will be the coincidence. It appears therefore, 
that if instead of taking the accommodated ratio for so that 

X (L^^+ L, ^ 3 . . . = e + e>+ . . . e« 

it win be prderable generally to take it so that ^ x (n ^ + 

”• +2 + »• *"4+3 ”*h+j)~^+ ® tf in 

which n is between m and i , the hearer m the better generally, 
though possibly not universally so throughout the whole limit. 
And the second method I use for increasing the accuracy, is to 

adopt an accommodated ratio, or so that ^ >05*L^ ^ ^ + 

b 

1,05' 1,05! f §*■{• 1 ,05! 


. . , i,ojj Ai^her method which might have its peculiar 

p 

advantage, is to assume t under the idea of using 

a mean ratio. ^ , * 

The General Tables.* 

1 have^ had three general tables calculated for 

Number 1, for pe- 


Ait. 6 . 

fixed periods, Numbers 1, s,'^d s* 


* The chief of the anthmetical operations in the constructions of most of the 
tables were porformed und^ my direction, by Mr, Dayid Jokes, of N^. lo. King- 
street, Soho ; and, as f^r as leisure would allow, I have ei^t^youred to assure 
myself of their accuracy by different inspections. 



xkyia udL tm ;feai«;:u that oon^jpKmdii^ 

to a; ^fmiiralue iaf.x(4“). N®- ft* §Qt ^ven yejsuts, m for 
X , oofMpondiog to ), fhid the;3d fivfe yearsr* 

or fdr X , anrresponding to X {a ^ ; calculated (whether 
^ = io, 7 or 5) for every value of Xpi^), answering to 3,00 ; 

3,01 ; 3, Oft, &c a. The first dolumn coiitalning the 

aforesaid value of X. (a^), cjorresponding which, ifi Jsn hcari- 
zontal line, is placed the log. of aij^ between each:^uc- 

cesslve value is placed the difference, retaining a decimal 
figure more ; at the head of the oth^ columns for the pro- 
portional parts of the differences* are placed a column show- 
ing the number of cyphers to be prefixed to the differences 
entered in the column following, which are headed 
{9 8 7 J nearest imder 1, ft, s, 4 and 5, and opposite the 
number ; suppose ^,16 of table log. of a*®, stands 

tin, lllV. lesi; > the upper, with the addition of the 
two cyphers, give the proportional parts for ,001, 002, 003, 
,004, 005: and the under, with the two cyphers, shows the 
proportional parts for ,009, 008, 007, 006 ; and the reason of 
choosing this arrangement, is the advantage which it offers 
of proof Qf correctness ; thus tl^ sum of the higher an 
lower numl^rs of each cf the above row with the two 
cyphers =? oa^7SS^j which is double ,001376, and equal to 
the whole dif^en6e befweai the succesave 

Let it be required to find the logarithm of j> corres- 
ponding to log. of T.7954. In the General Table I, 

Opposite to T.7i^ weh^ve . 1 ^ ,SSS6e 

For ^5 we have proportional part , 256 

For ,0004 ; i&to , . . ao. 

The sum . >89144 is the answer. 



If Iqg. ^ tiiaii f ,oo^ it will he smmssiwf to 

calcuhte ^^^^Jby.CQnmi0n medicxis, as the tables do not 

go lower. And getieraliy it will be dien suffic^^i onntting 
a only to calculate the value of — X (a-i) ; but fiom this, if 
more aaniracy be rajuired, subtract the nuhiber whose 
<»Hninmi logarithm is (T,es78 + A (r)^). 

If A be given, and A (^) be required, proceed thus, 

A bdng ssi ,89144 for example. In Table I, the next 

value of 

A I j is ,8886S to wJiich X (o*®) corresponding is 1,79 

Difference ,00256 bdionging to f .79 gives . . ,005 

Differ^ce ,oooao . , . ditto .... ,0004 


I a'‘— 1) ~ »® 9*44 then we have X (o*®) =: 1,7954 

If X (d:^) is less than 3, proceed thus : put the given value 
of = and we have the common logarithm of 

a = — /»xA(i + q’”') + ^ small correction if great accu- 
racy be required ; which correction is nearly equal to 
p X the number whose common log. is{»*6378~x5~J+ir. (t+r*)} 
These methods and tables only apply immediately to 
X when a is a proper fraction ; but if a be greater 

than unity , put it equal to 6 “* then will ^ be a proper fraction ; 
but =S 2_L =s — =a 6 X = a x I -n— ) ; conse- 

aL.1 i—a“’ ^ 5—1 

quendy (/>)+ A I have likewise 


had Table IV. calculatod, which is a general table, for the com- 
mon log. of (j^)» corresponding to a given value of An, 
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comiftc&fdng wth x {a) Bz T.7 ; T,7oi ; 1,762, &c. wil 3 i the 
diflferences b^we^ them. I have not, in this tabk, had the 
proportional paits inserted, though it would be attended with 
advantage, as the table is not meant to be of gend^al use ; 
bjut only given to be applied fca* rough purposes, or where 
accuracy is not particulaiiy required for calculating at once 
the value of a life annuity for the whole term of life, or the 
whole remaining terras of life, after a given term, by con- 
sidering the present value of each i^ccessive payment to 
form the successive terms of a geometrical progression whose 
first term and common ratio are each equal to a. And as 
X (^17-) will represent the k^, of the sum of the said geo- 
metrical progression, it will likewise express approximatively 
the logarithm of the value required. For many purposes, a 
table of -77-^ , answering to given values of a, would be pre- 
ferable, but not for general purposes. 

Art. 7. I have already, in Art. 4 and 5, Chap. II, intro- 
duced the term accommodated ratios, or chances, and endea- 
voured to explain the methods to be adopted to reap the 
advantage of the ideas there expres^d. Table V, for Carlisle, 
Deparcieux, and Northampton, are the logarithms of tenth 
terms of the accommodated ratios, or the logarithms of the 
accommodated chances for living ten years, calculated ac- 
cording to a mode laid down in Art. 5, Chap. II ; that is, it 
expresses for every age, or value of 6, the logarithm of 
wh^4- X ( 1 ,05 ? L +1 ,05? + &c 1 ,05 ? L, \ 

&-j-2 v+W 

is equal toi,o5”.'f-l- 1,05”* if -|-&c. . . . 1,057'*^**. and to show, 
by example, how these are calculated, let it be required to 
find the logarithm of the accommodated chance for living 
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ten yeaacs, for ^ age calcol^t^ according to the Carlisle 
table upon ihe consideration of in^rest at 5 c^t. Aco^rd* 

ing to tile Caiikle tablies, I find X i» l»; that is, the logarithm 
of tiie annidty of one pc»md on a life of for tei years, at 

5 per cent = ,87176, and putting a loi’-iS, by hypothesis 
•* 

we shall have tiiatis the logarithm of (a + ^* + •• 

a'"") = ,8717^ ; that is, ,87176 ; hence proceed- 

ing, as shown above, to find from General Table L X((2’®) 

Having given . • ,87176 r: 


We have next less=:,86842 corresponding to . . . T.75 
,00334 difference 

,00302 proportional p art . . . ,006 

30 . . ditto ,0006 

2 . . ditto ...... ,00004 

.87176 corresponds to . X(a*®) =: I.75664 
X<i,C5‘«)=: ,21189 


1.96853 for the 

log. of the accommodated chance to lire 10 years at the Carlisle mortality. 

In the same way may the accommodated chance be found 
for any other term, when general tables for the term, are 
constructed, and from any other base of interest. I may 
observe, that by using different rates of interest, as a base for 
determining the accommodated chances, difier^t degrees of 
accuracy may be obtained. See Art. 5, Chap. IL 
Art. 8 . Table VL is the logarithm of the accommodated 
chances S at every age, b for living one year, where € is of 
such value that the sum of the geometrical pro^ssi<m 

£ C* 

— + infinitum, or, which is the same thing, 
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shall be equal to the value of the whole life annuity at 




five per cent, at such age, namely l consequently 




( 1 + V(L ) = Ttl ; X € = X (TIA ) + x(i,05)-xiTli . ) 
This table is constructed for Carlisle, Deparcieux, and 
Northampton, and is to be used in conjunction with Table IV., 
where only a rough value of the contingency is required ; 
and though this table applies as the other tables of accom- 
modated chances, to different rates of interest, still it would 
be of advantage more particularly here for the greater ap- 
proximation to have similar tables constructed from the 


formula x(C)=:x(ll^) + x(r~*)— X\Tl^ jfor different values 
ofr. 

Art. 9. In calculating the value of life annuities for long 
periods, by means of adding together the values of portions 
of those periods, the portions of the distant periods contain 
factors of the real chance of living to these periods, and 
likewise of the discounted value of the money of which the 
payment is not immediate; thus if t be greater than 10, 








. It will be therefore convenient to 
have a table of the logarithm of the real chance of living 
10, 20, so years, 8cc. and also for other terms ; and some of 
these are given by Tables VIL, VIII., IX, 

MOCCCXXV. 4 A 
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Time will not allow me, for the present, to offer more 
than a very few examples of the method to be employed in 
calculating by these tables, which are as follow : 

Example i . Required, according to the Carlisle table, the 
value of a life annuity, for ten years, on the joint lives so and 
40, at s p^r cent interest. 

In Table VIII. for Carlisle, log. of accommodated 

chance for lo years, at the age 30 . . =: T.9552 

Ditto 40 1*9383 

Ditto X 1,03 , . . ==1.8716 

Sum . . T.7651 = X (a»®) 

In Table I, 1.76 corresponds to . . . .8734 

In proportional parts ,005 corresponds to .253 
Ditto . . 0001 corresponds to . 5 

Consequently 1,765 1 corresponds to . ,87604 

which is the log. of the required value : the number corres- 
ponding to this is 7,51^9, for the value of the annuity, 
according to the Carlisle mortality, at 3 per cent, on the joint 
lives so and 40; and by calculation from Mr. Milne's tables, 
I find the value should be 7,5168 ; the difference of the two 
is evidently insignificant. In this way I calculated the log. 
of the value of the life annuity, at the Carlisle mortality, at 
3 per cent, for 10 years, for the joint lives o and 10, 10 and 
so, 20 cmd 30, so and 40, 40 and 50, 50 and 60, to be ,76580 ; 
,90247 ; ,89139 ; ,87604 ; ,86295 ; ,81067 ; and the annuity, 
or the numbers corresponding to the said logarithms, 
5,8318; 7,9874; 7,7874; 7,5169; 7,^957; 6,4665; 
and, according to calculation from Mr. Milne's tables, I get 
5,8595; 7,992; 7,7906; 7,5168; 7,2916; 6,4679. 

The difference between the two sets is insignificant, except 
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I 


perhaps in values of i ; that is, the value of the 
annuity on the joint life of a ehild just bom, with one of the 
age of 10, at 3 per cent. Had we divided the peiiod in por- 
tions, the value might have been obtained as near as we 
pleased ; or we should likewise have obtained greater accu- 
racy, had we assumed an accommodated chance deduced 
at a more appropriate interest than 5 per cent. See Art. 5, 
Chap. II. 


Example 2. Let it be required to find the value of a life 
annuity at 3 per cent, for 10 years, at the Carlisle mortality, 
for the five lives of the age 20, 30, 40, 45 and 50. 

In Table VIII. log. of accom. chance for 10 years at age 20 ~ T.9685 
Ditto .... 302:1.9552 

Ditto .... 40 = 1.9383 

Ditto . . . . 45 = 1.9367 


Ditto 


. 50=1.9292 

—10 — _ - 

^ 1,05 = 1.8716 


x(a>'’) = T.599s 

This sought in Table 1 . ; thus, 1,59 giving ,79035 
,009 427 

,0005 23 


for the value 


1 , 0 # * 

3o> 4o> 45» so - 


gives ,79485 the N® to which log. is 6,2352 


Example 3. Let it be required to find the value of 1 
Carlisle mortality, when 6= lo, that is, for the whole joint 
lives of 10 and 20. By dividing the whole in portions of ten 

1 , 03 ~* 


ye^rs, the operation will stand thus for w 
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hzzio 

^=220 

i=:3o 

6=40 

^2:50 

A =60 

fisryo 


Log. of accora. ratio ) T . 9768 
for 10 years zz ) 1.9685 
x(i,03-*®)=: T.8716 

1.9685 

£.9552 

1*8716 

>•9552 

£•9383 

1.8716 

>•9383 

1.9292 

r.8716 

£.9292 

1.8318 

1.8716 

1.8318 

1.6689 

1.8716 

T.6689 

!‘ 3>34 

1.8716 

£.31341 from Tab.VlIl. 
2.6695 3 Carlisle. 
1.8716 

sum . . = T.8169 

>•7953 

T.7651 

>•7391 

T.6326 

>• 37*3 

2.8539 

3*8545 

No* corresponding } " 

to sum in Table 1 . 5 

Log. of ratios for 1 0 years = | 

>v i,03-« . . = 

The log. of the present 1 ^ 
worth of each portion 3 

.89139 

£.97438 

1.96681 

1.87163 

.87604 

T. 941 20 
1.92082 

>•74325 

.86295 

1.89520 

1.85854 

1.61488 

.81067 

1.83292 

1.77684 

1.48651 

.69156 

>• 75**3 

>•59577 

>•358*4 

.48781 

1,57016 

T.19448 

1.22977 

1 .19146 

T. 16886 

2.36767 

1.10139 

.70421 

. 48 > 3 > 

i 

• 23 > 57 . 

1.90694 

T. 39670 

2.48222I 

4*82938 


And the present worth of each, or the numbers correspond- 
ing to the last logarithms are arranged below. 


For first 10 years 7,^ 
and ditto 5.0607 

3d d® 3.0291 

4th d® 1*7044 

5th d® .8071 

6th d® .2492 

7 th d® ,0303 

8 th d® .0007 

sum 18.8701 


As the method bjr which the logarithms of the present worth of 
the different portions arc found, ma3r not be seen by every reader, I 
will explain the operation in the third portion ; that is, when the 
logarithm of the portion first found is anticipated for 20 years. 

Resume S76Q4 

Table VIL log. of real chance for 
10 living 20 years 
Ditto 20 years living 
^(1,03-*®) . . . 


“S'l I. 9 ti 20 

. I. 92082 


which differs but insignificantly from Mr. Milne’s table, 
which gives 18.873. In a similar way, I find the value of 
the joint lives for ages 20 and 30, at 3 per cent, and Carlisle 
mortality to be 16.745 ; which, according to Mr. Milne’s 
table, should be 16.749 ; which appears to be an insignificant 
difference. 


Example 4. To find, when particular accuracy is not 
required, according to the formula for the whole of life, 

the approximate value of at the Carlisle mor- 

tality, when a=: 10, 20, 30, &c. call the logarithm of accom- 
modated ratios for an unlimited time at the age a, \ standing 
for the accommodated ratio in Table VI. at the age a. 
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a = 

10 

20 

30 

40 

50 

60 

70 

80 

90 

K. 

1.995*9 

1.99455 

T.99265 

1.98991 

T.98546 

*• 975*4 

*•95755 

T.92461 

imii 

10 

*•99455 

1.99265 

T.98991 

1.98546 

*• 975*4 

*•95755 

T.92461 

T.86660 


M,03‘~^ 

T.98716 

1.98716 

T.98716 

1,98716 

T.98716 

T.98716 

T.98716 

T.98716 



T.97700 

'•97+36 

T.96972 

1.96253 

'•9+776 

T.91985 

T.86932 

'•77837 

T.66658 

Log. which 
corresponds to 

1.2645 1| 

1.2097s 

1 .00631 

1.13083 

.01062 

1.03886 

.0^41 

.88674 

.oo 66 f 

.68817 
.00502 j 

•45337 

.00123 

•* 757 * 

.00093 




1.21606 

1.14145 

1.04527 

.89341 1 

.69319 

.45460 

.17664 


Numbers . . 
Instead of . 

18.387 

1 » 8 -fe 73 

16.446 

16.749 

13.850 

14.449 

11.099 

11.954 

7.824 

8.729 

4.9339 1 
5-565 

2.8485 

3.229 

i. 50'9 

'.589 



To find the value corresponding to T.6665S, not in the table, 
find the number corresponding complement of the log. 
T.6658, which number is 2,159; subtract 1, and find the 
complement of the log. which is = 1.9359165, whose num- 
ber is ,8628. Mr. Milne's table gives .979. But as it is 
not always the same rate of interest which gives the best 
accommodated ratios, in order to try when, for instance, the 
interest of money is 3 per cent, what rate of interest should 
be used in determining the ratios, use the following table 


Interest. 

1,08 ?. (1.08 X 1.03) = 1.979 

1,07 A (1.07 X 1.03) =1.983 

1.06 X (1.06 X 1.03) =1.987 

1.05 X (1.05“ X 1.03) = 1.991 

1.04 X {1.04’ X 1.03) =1.996 


nearly ; 


* This is not given as a perfect and unerring rule, but as a method in many 
cases useful, and which would be perfect for the accommodated ratio of one of the 
lives, if the other lives followed an exact geometrical ratio throughout; and that 
the real geometrical ratios were in that case used for them, provided that instead 
of comparing the said sum with the small table, we take for the base of interest 
the number whose logarithm is —X (1,03), when the interest is 3 per cent.,- and 
it is to be recollected that the methods is only given as a rough approximation. 
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Add the logarithm of accommodated ratios, as given in the 
Table VL of all the lives but one in question, together, and 
see which of those rates of interest it nearest agrees witJi, 
and use that to, calculate the life left, and proceed so for 

every life ; thus for'^lj2ii£ ; to find the rate of interest for 
so, I observe that R= T.9899 agrees nearest with 6 per cent, 
in the little table, and R^=T. 99265 agrees nearest with 5 per 
cent., I therefore take 6 per cent, for the age 30, and for the 
other I take 5 per cent. : proceed thus : 


Example 5. 

R if calculated at 6 per cent. T.99316 


R per table 


Example 6 , 


• 1.98991 

ss 1.98716 


R at 6 per cent. 

40 

R at 6 per cent. 


Proportionate parts 
To which logarithm . 
The N« corresponding is 


Example 7. 


Instead of 11.954 


R at 8 per cent. 
60 

R at 6 per cent. 
«o 

X 1,03-* 


= 1*98759 
= 1.97599 

— 1.987x6 

1-95074 


which log. corresponds . 
instead of . * . 
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I observe that I have not given any table of the logarithm 
of the accommodated ratios for an unlimited term, except 
that calculated with 5 per cent, as a radix ; but by the assist- 
ance of a table of life annuities, for single life at different 
rates per cent., this will enable us, independent of certain 
excepticMis, to derive the quantity for the same rates per cent, 
for any radix at the per cent, contained in the second table ; 
thus to find Carlisle mortality, radix 8 per cent. I look to 
the Carlisle table of single lives at 8 per cent., and I find the 
value of the annuity on the life of 50 = 8.987, 1 search the 
age to which this will correspond at 5 per cent, and I find 
sufficiently nearly 59,82 for the age corresponding, to which 
from my table (with the radix at 5 per cent.) for the log. 

of ratios I find 1.97538 ; to this I add log. of ^ ; that is, 
,01233, and we get T.98759, the same as given on the other 
side. This method is accurately consistent with the defi- 
nition of accommodated ratios for unlimited periods ; and if 
this description of accommodated ratios at a certain rate per 
cent, be given for one table, for which at the same rate per 
cent, we have the value of single lives, we may find the 
same description of accommodated ratios for any other table 
of mortality for which, at the same rate per cent, we have a 
table of the value of single lives : thus, suppose the logarithm 
of this description of accommodated ratios be given for the 
Carlisle table at five per cent., and the same be required for 

-I 

the Northampton for the age 60, at the same rate ; \ 
Northampton = 8,392, this being sought in the Carlisle 
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-1 

1.05 

table for'Tll- gives ar= 62,41 for the corresponding age; 
seek the logarithm of accommodated ratios for an unlimited 
term, corresponding to this for Carlisle, for the age 6,241, 
and we have T.972SJ agreeing with the table given. 

Previously to concluding this chapter, I shall add a small 
table, which will be found very useful in the application of 
the methods here proposed. 


n 

Log. of 1,03"^ 

Log. of 1,035"® 

Log. of 1,04“® 

Log. of i,o 4 S~® 

Log. of 1,05”® 

1 

T. 9871628 

1.9850597 

1.9829667 

7.9808837 

7,9788107 

2 

*- 97432 S <5 

1.9701193 

1.9659333 

7,9617674 

7.9576214 

3 

1.9614883 

1.9551790 

I .9489000 

1.9426511 

1.9364321 

4 

1.9486511 

1 .9402386 

T.93 18666 

7.9235348 

1.9152428 

5 

1.9358139 

T. 9252983 

»‘ 9 * 4»333 

I .90441 85 

7.8940535 

6 

T. 9229767 

T. 9103579 

T. 8978000 

1.8853023 

7 . 8728642 

1 

T. 9101394 

T. 89541 76 

7.8807666 

1 7.8661860 

7.8516749 

8 

1,8973022 

T , 8804772 

1*8637333 

7.8470697 

7 * 8304856 

9 

T. 8844650 

1.8655369 

1 .8466999 

7,8279334 

7 . 8092903 

10 

T. 8716278 

1,8505965 

T . 8296066 

1.8088371 

7.7881070 
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General Table I. X 





9 

2 

8 

3 

7 

t 

5 

(«*°)> 



9 

2 

8 

3 

7 

t 

0847 

1270 

0849 

1273 

0851 

1276 

0853 

1279 

0855 

1282 

5 

059 

061 

064 

066 

069 

3.00 

3 »o» 

3.02 

3*03 

S'O* 

3 -oS 

3.06 

3*07 

3.08 

>00163 

>00199,6 

,0036,2 

,00200,3 

,00563 

,00200,6 

,00763 

,00201,0 

,00964 

,00201,5 

,00 

0200 

1796 

0200 
1803 

0201 
1805 
0201 
1809 

0202 
1814 

0399 

*597 

0401 

1602 

0401 
1^5 

0402 
1608 

0403 
1612 

0599 

*397 

0601 

1^2 

0(»2 

1404 

0603 

1407 

0605 

1411 

0798 

1198 

0801 
1202 

0802 
1204 
0804 
1206 
0806 
1209 

3998 

1002 

1003 

1005 

1008 

3*25 

3,26 

^27 

3.28 

3-29 

,05295 

,00211,7 

,05506 

,00212,2 

,057*9 

,00212,7 

.0593* 

,00213,2 

,06144 

,00213,7 

,00 

0212 

*905 

0212 
1910 

0213 

* 9*4 

0213 

* 9*9 

0214 
*923 

0423 
*694 

0424 
1698 

0425 
1702 

0426 
1706 

0427 
1710 

0635 

1482 

0637 
1485 

0638 
*489 

0640 
*492 

0641 
1^96 

,01166 

,00202,0 

,01368 

,00202,4 

,01570 

,00202,8 

>01773 

,00203,4 

,01976 

,00203,8 


0202 

1818 

0202 

1822 

0203 

1825 

0203 
1831 

0204 

1834 

0404 
1616 

0405 
1619 
0400 
1622 

0407 
1627 

0408 
1630 

0606 

* 4*7 

0008 

1420 

0610 
1424 

0611 
1427 

0808 

1212 

0810 
1214 

0811 
1217 

0814 
1220 

0815 
1223 

1010 

1012 

1014 

1017 

1019 

3*30 

3 ‘ 3 * 

3*32 

3‘33 

3>34 

,06358 

,00214,3 

,06572 

,00214,8 

,06787 

,00215,3 

,07002 

,00216,0 

,07218 

,00216,4 


0214 
*929 

0215 

*933 

0215 

*938 

0216 
*944 
0216 
*948 

0429 

* 7*4 

0430 
1718 

043* 

1722 

0432 
1728 

0433 
* 73 * 

0643 
1500 

0644 
*504 
0646 
1507 

0648 

0649 

*515 

0857 

1286 

0859 

1289 

0861 

1292 

0864 

1296 

0866 

1298 

1072 

*074 

1077 

ro8o 

1082 

3 .»o 

3*11 

3 * 1 * 

3 -U 

1.H 

3*»5 

3,16 

3-»7 

3 »iS 

3 -iS 

,02180 

,00204,3 

,02384 

,00204,7 

,02589 

,00205,2 

.02794 

,00205,7 

,03000 

,00206,1 


0204 

1839 

0205 
1842 

0205 
1847 

0206 
1851 
0206 
.355 

0409 

*034 

1409 

1638 

0410 
1642 

0411 
1646 

0412 
1649 

0613 

*430 

0614 

XI 

*436 

0617 
1440 

0618 
*443 

0817 

1226 

0819 

1228 

0821 

1231 

0S23 

*234 

0824 

1*237 

1022 

1024 

1026 

1029 

1031 

i 

3-35 

^36 

3*37 

3*38 

3>39 

>07435 

,00217,0 

>07652 

,00217,5 

,07869 

,00218,0 

,08087 

,00218,7 

,08306 

,00219,2 


0217 

*953 

0218 
1958 

0218 
1962 

0219 
1968 
0219 
*973 

0434 
1736 

0435 

1740 

,04361 

*744 

0437 

1750 

0438 
1754 

0651 

1519 

0653 

1523 

0654 
1526 
0656 

* 53 * 

0658 

*534 

0868 

1302 

0870 
1305 
0872 
1308 
0875 ‘ 

131* 

0877 

* 3*5 

1085 

1089 

1090 

*094 

1096 

,03206 

,00206,5 

1 ,00207 
,00207,3 
' ,03620 
,00207,6 
t .03827 
,00208,1 
) ,04036 
,00208,6 


i 0207 

1 1859 

1 0207 

1 1866 
! 0208 

1 1868 

0208 

*873 

0209 

1877 

04*3 

1654 

04*5 

1658 

0415 

i66j 

0416 
1665 

0620 

1446 

0622 

* 45 * 

0623 

*453 

0624 

*457 

0626 

1460 

0826 

*239 

0829 
*244 

0830 
1246 
0832 
1249 
0834 
1252 

*033 

*037 

1038 

1041 

1043 

3*40 

3 - 4 * 

3-42 

3-43 

^44 

,08525 
,00219,7 
,08745 
,00220,4 
,08965 
,00221,0 
i ,09186 
,00221,4 
^ ,09408 
,00222,1 


0220 

*977 

0220 
*984 

0221 
1989 

0221 

*993 

0222 

*999 

0439 

1758 

04A1 

1763 

0442 
1768 

0443 

* 77 * 

0444 
*777 

0659 

*538 

0661 

'dtl 

'dtl 

* 55 * 

0666 

*555 

0879 

1318 

0882 

1322 

0884 

1326 

0886 

1328 

0888 

*333 

1099 

1102 

1105 

!lt07 

-nil 

3 *a< 

3.21 

3 - 2 : 

3.2, 

J .04244 
,00209,1 

1 >04453 ^ 

,00209,6 

2 ,04663 
,00210,1 

3 >04873 ^ 
,00210,6 

f ,05084 
,0021 1,1 


0209 

1882 

02 lC 

1886 

02 IC 

1891 

0211 

189s 

0211 

I9OC 

1 0418 
1673 
. 0419 
• 1677 
) 0420 
1681 
0421 
; 1685 
0423 
> 1685 

0627 
*464 
0629 
*467 
1 0630 

* 47 * 
0632 
: *474 
; 0633 
} * 47 « 

0836 
1255 
1 0838 
1258 
1 0840 
1261 
; 0842 
h 126^ 
( oSm 
1 126; 

1046 

1048 

• 1051 

^ *053 
jji056 

3 - 4 ' 

3 - 4 < 

3 - 4 : 

^4! 

3 >4 

; ,09630 
,00222,6 
3 ,09852 
,00223,2 
J ,10076 
,00223,8 

8 ,10300 
,00224,^ 

9 ,*0524 

1 , 00225 ,C 


0223 

2003 

0223 
2009 

0224 
2014 

0224 
202c 

0225 

202 j 

0445 

1781 

0446 
1786 

■ 0448 

■ *790 

■ 044s 

5 1795 
: 04 SC 
; 180C 

1 

0668 
*558 
0670 
1562 
; 0671 

• *567 

1 0673 
1 * 57 * 
) 0675 
’ * 57 i 

0890 

*336 

0893 

*339 

0895 

*343 
, 0898 

*346 

; 090c 
; * 35 « 

1*13 

1116 

111^ 

11122 

> 1125 
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Mr. Gompertz on the nature of the function 


General Table I. x (a”), x 



4*^1 


1 

9 

2 

8 

3 

7 

4 

6 

5 


4^1 


I 

9 

2 

8 

3 

7 

4 

6 

S 

3-50 

,10749 

,00 

0226 

0451 

0677 

0902 

1128 

^75 

,16581 

,00 

0242 

00 

0726 

0968 

1210 


,00225,6 


2030 

1805 

1579 

1354 



,00242,0 


2178 

1936 

1694 

1452 


3*51 

,10975 


0226 

0452 

0679 

0905 

**3* 

3-76 

,16823 


0243 

0485 

0728 

097* 

1214 


,00226,2 


2036 

T8ro 

1583 

1357 



,00242,7 


2184 

*942 

1699 

*456 



,11201 


0227 

0454 

0680 

0907 

**34 

3*77 

,17065 


o ?44 

0487 

0731 

0974 

1218 


,00226,8 


2041 

1S14 

1588 

1361 



,00243,5 


2192 

1948 

1705 

1461 


^53 

,11428 


0228 

0455 

0683 

0910 

1*38 

^78 

,*7309 


0244 

0488 

C733 

0977 

1221 


,00227,5 


2048 

1820 

1593 

*365 



,00244,2 


2198 

*954 

1709 

1465 


3-54 

,11655 


0228 

0456 

0684 

0912 

1141 

3*79 

**7553 


0245 

0490 

0735 

0980 

1225 


,00228,1 


2053 

1825 

^597 

1369; 


,00244,9 


2204 

*959 

1714 

1469 


3-55 

,11883 


0229 

0457 

0686 

0915 

**44 

3.80 

,*7798 ! 

0246 

0491 

0737 

0982 

1228 


,00228,7 


2058 

1830 

1601 

*372 



,00245,6 j 

2210 

*965 

*7*9 

*474 


3 *s 6 

,12112 


0229 

0458 

0688 

0917 

1146 

3.81 

,18044 ! 

0246 

0493 . 0739 

0986 

1232 


,00229,2 


2063 

1834 

1604 

*375 



,00246,4 1 

2218 

*97* 

*725 

1478 


3-57 

,12341 


0230 

0460 

0690 

0920 

1*51 

3.82 

,18290 j 

0247 

0494 

0741 

0988 

1236 


,00230,1 


2071 

1841 

1611 

138* 



,00247,1 i 

2224 

*977 

*730 

1482 


3.58 

,12571 


0231 

0461 

0692 

0922 

**53 

3.83 

>18537 ! 

0248 

0496 

0743 

0991 

*239 


,00230,6 


2075 

1845 

1614 

*384: 


,00247,8 


2230 

1982 

1735 

1487 


3-59 

,12802 


0231 

0462 

0694 

0925 

1156 

3*84 

,18785 


0249 

0497 

0746 

0994 

1243 


,00231,2 


2081 

1850 

1618 

*387; 


,00248,6 


2237 

1989 

1740 

*492 



■3.60 

>13033 


0232 

0464 

0696 i 0928 

1160 

3.85 

,19034 


0249 

0499 0748 

0997 

1347 


,00231,9 


2087 

1855 

1623 1 139* 



,00249,3 


2244 

1994 

1745 , *496 


3*61 

,13265 


0233 

0465 

0698(0930 

1163 

3*86 

,19284 


0250 

0500 

0750 

1000 

125 1 


,00232,5 


2093 

i860 

1628 1 1395 



,00250,1 


2251 

2001 

*75* 

1501 


3.62 

>13497 


0233 

0466 , 0699 0932 

1165 

3*87 

>*9533 


0251 

0502 

0753 

1004 

*255 


,00233,0, 


12097 

1864 1631 

*398 



,00250,9 


2258 

2007 

1756 

*505 


3*63 

,13730 1 


0234! 

0468 10701 0935 

1169 

3.88 

,19784 


0252 

0503 

0755 

1006 1*258 


,00233,8 


2104 

1870 1 1637 

1403 


,00251,6 


2264 

2013 

1761 

15*0 


3.64 

,13964 


0235 

0469 1 0704 1 0938 

*174 

3*89 

,20055 


0252 

0505 

0757 

1010 

1262 


,00234,5 


2111 

1876 j 1642 1 1407 



,00252,4 


2272 

2019 

*767 , 1514 


3*65 

,14199 


0235 

0470 

0705 J 0940 

1176 

3*9° 

,20288 


0253 

0506 ; 0760 

1013 

1266 


,00235,1 


2116 1 

1881 

1646 1 1411 



,00253,2 


2279 

2020 

1772 

*5*9 


3.66 

,14434 ! 


0236 

0472 1 0707 

0943 

1179 

3.9*: 

,20541 


0254 

0508 

0762 

1016 

1271 


,00235,8 i 


2122 

1886 

1651 

*4*4 



,00254,1 


2287 

2033 

*779 

1525 


3.67 

,14670 ! 


0237 

0473 

0710 

0946 

*183 

3*92 

,20795 


0255 

0509 

0764 

1019 

1274 


,00236,6 1 


2129 

>893 

1656 

1420 



>00254,7 


2292 

2038 

*783 

1528 


3.68 

,14906 1 


0237 

0474 

0711 

0948 

1186 

^93! 

,21050 


0256 

0511 

0767 

1023 

1279 


,00237,1 1 


2134 

1897 

1660 

*423 



,00255,7 


2301 

2046 

1790 

*534 


3-69 

,*5H3 


0238 

0476 I 0714 

0952 

1190 

3*94 

,21306 


1 0256 

05*3 

0769 

1025 

1282 


,00237,91 


2141 

1903 j 1665 

*427 


i 

,00256,3 


I2307 

2050 

*794 

*538 


^70 

,15381 

1 j 

0239 

0477 

0716 

0954 

**93 

3 *95 

,21562 


0257 

0514 

0772 

1029 

1286 


,00238,5 


2147 

1908 

1670 

*43* 



,00257,2 


|23‘S 

2058 

1800 

*543 


3*71: 

,15620 i 

i 

0239 

0478 10718 

0957 

1 196 

3*96 

,21819 


0258 

0516 

0774 

*032 

1290 


,00239,2 

1 

2153 

1914 

1674 

*435 



,00258,0 


I 2322 

2064 

1806 

1548 


3-72^ 

,15859 1 

! 

0240 

0480 ! 0720 

0960 

1200 

3*97 

,22077 


0259 

0518 

0776 

*035 

1294 


,00239,9 

i 

2159! 

1919 

1679 

*439 



,00258,8 


[2329 

2070 

1812 

*553 


^73 

,16099 


0241 

0481 

0722 

0962 

1203 

3*98 

,22336 


0260 

0519 

0779 

1038 

1298 


,00240,6 

1 

2165 

1925 

1684 

*444 



,00259,6 


2336 

2077 

1817 

1558 


!-74 

>*6339- 

j 1 

0241 j 

0483 

0724 

0965 

1207 

1-99 

,22559 


0260 

0521 

0781 

1042 

1302 


,00241,3 

‘ ! 

2172 j 

1930 

1689 

1448 



,00260,4 


’2344 

2083 

1823 

1562 










expressive of the law of human mortality, 
'General Table I. A ), A )• 
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\fl / j 

I i 2 

9 1 ^ 

3 

7 

t 

5 k“' 

,22856 1.00 
,00261,4 

,23117 i 

,00262,0 j 

I , 23379 1 

,00263,0 : 

J. ,23642 ' 

1 ,00263,8 ' 
^1.23906 I 

j 0026^>^ j 

0261 10523 
2353 2091 
0262 ! 0524 
1235812096 

■0263 10526 

1 2367 : 2104 

10264 10528 

U374I2110 

1 0265 1 0529 
j 2382! 2118 

0784 - 1046 -.1307 2. 

1830115681 

0786 11048 11310 2. 

1834 115721 

0789)105211315 2. 
184111578! 

0791 11055 I1319 

1 .8471 1583! - 

'0794; 10591324 2- 

1 18531 15881 

1 1 ii 2. 


2 . 061,24036 : 

' ,00266,3 ^ 
2.07; .24703 i 

,00267,0 ; 
3.08' ,24970 I 
^ ,00268,5 : 
3,09: ,25238 

; ,00269,0 


0200 ' '-/y/ i 1 • 

! 2390! 2125 1 1859 1 1594 j 

'0266 '053 5! 0799. 1065 |1332 

12397^21 30 11 864; 1 598 1 

! 0267 0534 0801 . 1068 ,1335 
; 2.p3 ' 2136 1 1869 ; 1602 i 
i 0269 ’ 0537 ' 0806 : 1074 .1343 
I 2417 2148 :1880, 161 1 1 
I 0269 ' 0538 ' 0807 , 1076 ,1345 
; 2421 ; 2152 ; 1883 1 1614 1 


2 . 10' .255'27 
, ,00269,9 , 

■J. 1 1', 25777 ; 

, ,00270,8 ; 
"3,12. ,36048 j 
; ,00271,7 
i. I 3' ,26320 ' 

: ,00272,6 , 

5 . 14^26592 ; 

‘ ,00273,5 , 

5. 15., 26866 
^ ,00274,6 
3, 16; ,27140 ■ 

! ,co2'75,z ■ 
5. 17' ,27415 , 

; ,00276,3 : 

3 . 181,27692 : 

* ,00277,2 i 

5.191,27969 : 

; , 00278,1 

i.2oi ,28247 
j ,00279,1 
2.211,28526 
,00280,1 
,28806 
,00281,1 
i ,29087 
,00281,9 

,29369 

,00282,9 


1 02*^0 i 034*^ , 0810 I 
! 2429 : 2159 : 1889 ; 
102-1 ’ 0542 ' 0 Sl 2 . 
2437 ; 2160 ' 1896 
, 0272 ; 0543 ^>815 . 
1 2445 i 2174 • 1902; 


1 0273 > 054* ■ 

I 245 3 : 2181 ; 1908 
[ 0274 ' 0547 'CSzi 
2462 : 218811915 

' 0275 0549 ; 0824 
• 2471 ’ 2197' 1922 
0275 I0550 0826, 

; 2477 i 2202 , 1926 ; 

io 276 !c 553 'oS 29 ; 

12487 ! 2210 i 1934: 

; 02-7 i 0554, 0832 , 

12495 {2218 *940; 

'0278 10556 '0834; 
i 2503 j 2225 1947 ’ 


1080:1350 

1619 

ic 83 ';i 354 

1625; 

1087:1359 

• 1630 i 
' 109011363 

■ 1636, 

■ 1094 1 368 

: 1641 


1098 !i 3/ 
1648 I 
1 loi -1376 
1651: 

1105 ,13^2 
1658; 

1109 13S6 
1663 i 
niz 1391 

1669 i 


2.22: 

2.23 

1.24 


0279; 

2512 

0280 
2521 

0281 

2530 

0282 

2537 

10283 

2546 


0558 0837 
2233 1954 
0560 0840 


' in 6 ji 396 
1675 


2241 

0562 

2249 

0564 

2255 

05f 

2263 


1961 
1 0843 
1968 
0846 

1973 

1 0849 
1980 


1120 

1681 

1124 

1687 

iiz8 

1691 

1132 

1697 


(^1 


251 ,29652 I ,« 
1 ,00283,9 1 
261 ,29936 j 
' ,00284,9 1 
,30221 ! 

,00285,91 

,30507 : 

,00286,8 j 

29^30794 ■ 

! ,00287,9 : 


j ,00288,9 ! 

3»1. 31370 i 

! , 00289,9 ' 
. 321,31660 
; , 00290,9 ; 

33; >3 *95* ! 

j ,00291,9 j 

341.32243 ; 

j ,00293,0 1 


2.351.32536 I 

! ,00294,0 1 
2.36: ,32830 
1 ,00295,0 ' 
'.33^25 ; 

: ,00296,1 ; 
2.38,33421 i 
I ,00297,1 ' 
2 . 39 '. 337«8 
! ,00298,2’ 


1401 

1406 

1410 

1415 


2 . 45.. 35523 

* ,00304,7 ; 
2 . 461,35828 
' .00305,8 

.36134 

,00306,9 

.3644* 

,00308,1 

.36749 

,00309,2 


2.47| 

2.48] 

2.491 


8 


3 i 4 
7 I 6 


028410568 0852 1136 1420 
255512271 19^7 1703; 
0285)0570 0855 1140 1425 
256412279 1994 ^ 7 ° 9 . 
028610572 0858 : 1144143 “ 
2573! 2287 2001 1 17151 
i 0287 1 0574 1 0860 ! 1 147 1*434 
i 2581 i 2294: 2008 I 1721 1 
0288 ; 0576108641 1152 1 1440 


1 2591 j 2303 1 2015 i 1727 i 


2.401,34016 ; 

! ,00299,3 I 
2. 41;, 343 16 ' 

I ,00300,3 

2 . 42; .34316 ; 

I , 00301,41 
2 .43; .34917 ; 

: ,00302,5 j 
2.44; .35220 ; 
} ,00303,6 j 


10289 I 0578 ’0867 I 1156 1445 

12600:2311 I 2022 I 1733 i 

0290 ! 0580 1 0870 1 n6o 145“ 

I 2609 I 2319 '2029! 1739 
i 0291 j 0582 : 0873 I 1 164 ,1455 
12618 12327; 20361 17451 

■0292 10584 108761 1168-1460 

126271 2335; 2043 I 1751! 
j 0293 : 0586 1 0879 { 1172 11465 
1 2637 i 2344 ; 2051 : 1758 1 

n 0294'; 0588 '08821 1176; 1470 
1 2646 '2352 1 2058; 17641 
'' 0295 1 0590 1 0885 1 1 180 1475 

i 2655 2360 ; 2065 1 1770 j 

! 0296 * 0592 : 0888 ! 1184 11481 

12665 <2369 2073117771 

i 0207 i 0594 ' 0891 I 1188 ,1485 
1 2674! 2377 . 2080 1783 i 
!o298'o596'o895|ii93ji49i 
1268412386:2087; 1789: 

! 1197 1*497 
' 1796 ! 

IZOI 15°2 
i8o 2 j 
1206 3507 
1808 1 

1210 ^1513 
1815 1 


1 0299 1 0599 1 0898 
j ^694 ; 2394 i 2095 
! 0100 I 0601 i 0901 
2703' 


,0301 

12713 

10303 

12723 

10304 

12732 


240Z ; 2102 
0603 I 0904 
2411 ; 2110 
0605 j 0908 

^ ^ \ <9TTS 


0305 
2742 

0306 
2752 

0307 
2762 

0308 

2773 

0309 

2783 


2420 

0607 

2429 


2118 

0911 

2125 


0609 10914 
2438 I 2133 


0612 

2446 

0614 

2455 


0917 

2141 

0921 

ZI48 


06161 0924 
2465 2157 
0618 0928 
2474 I 2164 


•'■■'5 i 

1214 ,1518 
1822 I 

1219 1524 
1828! 

122311529 

1835 
1228 
1841 
1232 
1849 

1237 
1855 


1535 

1541 

1*546 





*•50 ^37058 
>00510,3 

a* 51 >37368 

_ >00311,5 

2.52 ,576go 
>005124 
,*>S 3 >^991 
>00313,8 
a.H ♦JSSOS 

,00314,9 


2*55 >38621 
,00316,1 
*•56 >38937 

- >00317,3 

2*57 > 39*55 
,00318,5 

*•58 >39573 
>00319,6 

*•59 *39893 
,00320,8 

2.60 40213 
>00322,0 

2.61 >40536 

_ >00323,3 

2.62 ,40859 

. ^ >00324,5 

2.63 ,41183 

, ^ >00325,6 

2.64 >41509 
.00326,8 

2.65 41836 
>00328,3 

2.66 ,42164 

. >003*9.4 

2.67 42493 
,00330,6 

2.68 ,42833 

_ >00331,9 

2.69 >43156 
>00333,2 


2.70 ,43490 
>00334,4 

2.71 .43824 

- >«» 335>7 

2.72 ,^159 

_ >00337.1 

**73,44496 

>00338,2 
*•74 >44835 
,00339,6 


0310 0621 0931 1241 1552 

2794 *^* 2172 1862 

0|u 0623 0935 1*46155812.76145515 
*804 2^92 2 i8j 1869 * ^ 1 5 

0313 0625 0938 1250 1563 

*813 2501 2188 i8^ 

0314 0628 0941 1255 ic6q \ 

*824 2510 2197 *883 I 

0315 0630 0945 1260 157c I 

*834 *5*9 **4 *889 ^ 


0316 0632 0948 
*845 *529 2213 

0317 0635 0952 
2856 2538 2221 

0319 0637 0956 
2867 2548 2230 

0320 0639 0959 
2876 2557 **37 

0321 0642 0962 
2887 *566 2246 


0322 0644 0966 
2898 2576 2254 

0323 0647 0970 
*9*0 2586 2263 
03*5 0649 0974 
2921 25^ 2272 

0326 0651 0977 
2930 2605 **79 

0327 0654 0980 
2941 2614 **88 

0328 0637 0985 
2955 2626 2298 

0329 0659 0988 
*965 *635 2306 

0331 0661 0992 
2975 2645 2314 

0332 0664 0990 
2987 2655 *3*3 

0333 «^6 1000 
2999 *^6 2332 : 


{ 1265 1581 
I *%7 
! **69 1587 
1904 

I 1274 *593 
1911 

**78 1598 
1918 

1283 *604 
1925 

1288 1610 
1932 

*293 1617 

*940 

1298 1623 
*947 

1302 i6z8 

*954 I 
*307 1634 
*961 

*3*3 *642 
1970 

*3*8 1647 
1976 

1322 1653 
1984 

1328 1660 
1991 

*333 *666 
*999 


0334 0^9 
3010 2675 

0336 0671 
3021 26S6 

0337 0674 

5034 *% 

0338 0676 
3044 27^ 
0340 0679 
3056 2717 


*003 1338 1672 
2341 2006 
*007 *343 *679 
2350 2014 
*011 ii48 1686 
2360 2023 
*®*5 *353 *691 
2367 2029 
* 0*9 1698 

*377 2038 
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1 

9 

2 

8 

3 

7 

t 

5 

( 0 >‘ 

(^) 


1 

9 

2 

8 

3 

7 

t 

5 

•077 

(084 

S092 

1100 

1109 

l»CO 1 

1.0! j 

I.OS < 

1.03 

1.04 

1.05 

1.06 

1.07 

1.08 

1.09 

54107^ 

0037 S»* 

^774 

,54860 

.00378,7 

.55*39 

,00380,3 

,55619 

,00381,9 

^ ( 

5376 < 
338* ; 
3377 < 
5397 i 

0379 ' 

3408 

0380 ' 
34*3 
0382 

3437 

3755 

1019 

5757 

3030 

0761 

3042 

0764 

3055 

2631 i 

1136 

2651 

1146 

2673 

1503 1 
2255 
1510 1 
2264 
* 5*5 * 
**73 
1521 I 
2282 
1528 1 
2291 

879 

887 

894 

902 

1910 

1.25 , 

1.26: 

1.27 

T.28 

T.29 

,63964 

.00413,3 

.64380 

^416,7 

.64796 

,00418,4 

,65215 

,00420,0 

.65085 

,00421,7 

,00 < 

5415 ^ 

J 74 » : 
H *7 ' 
3750 
3418 1 
3766 
0420 I 
3780 
0422 
3795 

.831 
33 ** * 

^833 

3334 : 

0837 

3347 : 

0840 

3360 

0843 

337 ^ 

1246 

^ ; 

1250 

* 9*7 : 

**55 

* 9*9 

1260 

29^ 

1265 

* 95 * 

1661 2 

2500 
*674 a 
2510 
i6to a 
* 5*0 
1^ s 
*550 

,56001 

,00383,3 

,56384 

,00384,9 

,56769 

,00386^. 

, 57 * 5 ^ 

,00388,0 

.57544 

^>03894 


0383 

3450 

0385 

3464 

0386 
3478 

0388 
349 * 

0389 

3505 

0767 

3066 

0770 

3079 

0773 

3091 

0776 

3104 

0779 

3**5 

1150 

2683 

*694 

1159 

2705 

1164 

2716 

1168 

2726 

*533 i 

2300 

*540 1 

2309 

1546 

2318 

* 55 * 

2328 

1558 

2336 

* 9 * 7 ' 

1925 

* 93 * 

1940 

*947 

i.30 

*‘ 3 * 

1.3* 

»»33 

*‘34 

,66056 

,00423,3 

,66480 

,00423,0 

,66^5 

,00426,7 

.67331 

,004284 

,67760 

,00430,1 


0423 

3810 

04*5 

3825 

04*7 

3840 

0428 

3856 

0430 

387* 

0847 

3386 

0850 

3400 

0853 

34*4 

0857 

34*7 

0860 

344 * 

1270 

*963 

**75 

*975 

1280 

2987 

1285 

*999 

1290 

3011 

1693 ; 

2540 

1700 : 

*550 

*707 

2560 

* 7*4 

2570 

1720 

2581 

BI17 

2125 

**34 

2143 

2151 

T.io 

1. 11 

1.12 

‘•*3 

1.14 

.57933 

,00391,0 

.583*4 

,00392,5 

.58717 

,00394,2 

,59111 

.00395.9 

.59507 

,00397,1 


0391 

35*9 

0393 

3533 1 

0394 
3548 

0396 

3563 

0397 

3574 

0782 

3128 

0785 

3140! 

0788 

3*54 

0792 

3*67 

0794 

3*77 

**73 

* 737 ! 

1178 

2748 

1183 

*759 

1188 

* 77 * 

1191 

2780 

1564 

2346 

*570 

*355 

*577 

2365 

1584 

5*375 

1588 

*383 

*955 

*963! 

* 97 * 

1980 

1986 

*994 

2003 

2011 

2019 

2027 

T .35 

*‘30 

*•37 

1.38 

*‘39 

,68190 

,^431,7 

,68622 

,00434,0 

,69056 

.00434,7 

,69490 

,00437,0 

,69927 

,00438,7 


043* 

3885 

0434 

3906 

0435 
39 ** 

0437 

3933 

0439 

3948 

0863 

3454 

0868 

347 * 

0869 
3478 1 

0874 

3496 

0877 

35*0 

**95 

3022 

1302 

3038 

*304 

3043 

131* 

3059 

1316 

3071 

* 7*7 

I2590 

*736 

2604 

*739 

2608 

1748 

2622 

*755 

2632 

**59 

2170 

2174 

2185 

2194 

T.40 

T.41 

*• 4 * 

*•43 

T‘ 4 ^ 

,70366 

,004404 

,70806 

,00442,1 

; ,71249 

,00443,8 
I ,71692 
,00443,0 

\- .7**37 

,00448,0 


0440 

3964 

0442 

3979 

0444 

3994 

0445 

4005 

0448 

4x132 

0881 

35*3 

0884 

3537 

0888 

3550 

0890 

3560 

0896 

3584 

1321 

3083 

1326 

3095 

* 33 * 

3107 

*335 

3**5 

1762 

2642 

1768 

2653 

*775 

2663 

1780 

2670 

1792 

2688 

2202 

2211 

2219 

2225 

2240 

T.15 

T.16 

T.i; 

T.iJ 

T.ij 

.59904 

,00398,8 
,60303 
,00400,5 
1 ,60703 
,00402,1 
i ,61105 
,00403,7 
) ,61509 
,00405,3 

1 

0399 

3589 

0401 
3605 

0402 
3619 

0404 

3633 

0405 
3648 

0798 

3190 

0801 

3204 

0804 

3**7 

0827 

3*30 

0811 

1 3 * 4 * 

1196 

2792 

1202 

2804 

1206 

2815 

1211 

2826 

1216 

*837 

*595 

*393 

1602 

*403 

1608 
2413 
1615 
1 2422 
) 1621 
2432 

T.2( 

T.2 

1.2 

T.2 

l.» 

3 ,61914 
,00^,1 
I ,62321 
,00408,1 
* ^2729 
,00410, 

3 *63*40 
,00411,1 

4 .6355* 
♦0041 3, 

) 

i 

I 

8 

1 

0407 

3661 

0405 

3677 

04K 

3691 

0413 

370 < 

0411 

37*8 

> o8i.j 
s 3*55 

r 326* 

> 082c 
1 3281 
1 082. 

> 5 * 9 ^ 
( 082( 
i 330! 

K 1221 

: *84^ 

r 122( 
i 2861 
) 1 234 
t 2871 
h *» 3 ! 
^ 2881 
) 123 ! 
; 289: 

: 1628 
\ 2441 
) 1634 

> * 45 * 
5 164c 
[ 2461 

» *645 

i * 47 * 

iS 

i *035 

- 2043 

) 2051 

r 2059 

l 

t 2 o 56 
) 

*‘ 4 i 

T.41 

*•4: 

1 1.4 

i 1.4 

J .7*585 

,00449,1 
5 ,73035 
,oo4SO,t 

7 .73485 
,00452,; 

8 .73938 
.00454- 

9 .74393 
,00456, 

f 

r 

1 

0449 

4042 

0451 

4057 

0453 

407^ 

045. 

409* 

o 45 < 

4 * 0 ! 

[ 0898 

- 3593 
: 0902 
f 360^ 
; 0905 

(. 36** 
I- 090* 

> 3031 
5 09^11 
J 364J 

i *347 
i 3*44 
: * 35 * 
, 3156 

1 * 35 « 
t 3*^ 
} *362 

1 136] 

? 3*9: 

1796 
. 2695 
1 1803 
i 2705 

t 1811 
> * 7 *^ 
1 181I 
t 272! 
1 182. 
3 * 73 ' 

> 2246 

; 2254 

i 2264 
) 

J 2272 
5 

2281 

7 



M*. na^w of ^ fitnct^m 

General Table 1. >. (ifrf ). 


xK®) 

>0 


1 

9 

2 

8 

3 

7 

4 

6 

5 


*(S 


1 

9 

2 

8 

3 

7 

i 

'5 

1.50 

^74849 

,00 

0458 

0916 

*374 

1832 

2290 

1.75 

,86842 

,09 

0504 

1007 

J511 

2015 

* 5*9 


,00458^,0 


4122 

3664 

3206 

2748 



,00503,7 


4533 

4030 

.35*^ 



1. 51 

» 7 S 307 


0460 

0020 

*379 

1839 

2299 

1.76 

•87346 ^ 


0506 

toil 

* 5*7 

S022 

2528 


,00459,8 


4*38 

3678 

3**9 

2759 



,00505,6 


4550 

4945 

3539 

3034 


1.52 



0462 

0923 

*385 

1846 

2308 

*•77 

,87851 


0507 

1015 

1522 

2030 

*537 


,004613 


4*54 

3693 

3*31 

2770 



,00507,4 


4567 

4059 

355 * 

3044 


*•53 

,76228 


0463 

0927 

1390 

*853 

23*7 

1-78 

,88359 


0509 

1019 

1528 

*038 

*547 


,00463,3 


4170 

3706 

3243 

2780 



,00509,4 


4585 

A 07 S 

3566 

3056 


*•54 

,76^1 


0465 

OQ^O 

1396 

i86i 

2326 

*•79 

,88868 


0511 

1022 

*534 

2045 

2556 


,00465,2 

♦ 

4*87 

3722 

3256 

2791 



,00511,2 


4611 

4990 

3578 

3067 


*•55 

* 77 * 5 ^ 


0467 

0933 

1400 

1867 

2334 

1.80 

•89379 


05*3 

1026 

*539 

2052 

2566 


,00466,7 


4200 

3734 

3267 

2800 



,00513,1 


4618 

4105 

359 * 

3079 


T.56 

>77^23 


0469 

0938 

1407 

1876 

2345 

T.81 

,89802 


0515 

1030 

*545 

2060 

*575 


,00469,0 


4221 

3752 

3283 

2814 



,00515,0 


4635 

4120 

3605 

3090 


*^57 

,78002 


0470 

0941 

1411 

1882 

* 35 * 

1.82 

.90407 


0517 

1034 

*550 

2067 

2584 


,00470,4 


4234 

3763 

3293 

2822 



,00516,8 


4651 

4*34 

3618 

3 *of 


1,58 

,78562 


0472 

0945 

* 4*7 

1890 

2362 

1.83 

,90924 



1038 

1556 

2075 

*594 


,004724 


4252 

3779 

3307 

2834 



,00518,8 


4669 

4*50 

3632 

3**3 


77 ^ 

, 7 ms 


0474 

0948 

1422 

1896 

*371 

1.84 

,91443 


0521 

1041 

1562 

2082 

2603 


,00474,1 


4267 

3793 

33*9 

2845 



,00520,6 


4685 

4165 

3644 

3*24 


1.60 

,79509 


0476 

0952 

1428 

1904 

2380 

T.85 

,91964 


0523 

1045 

1568 

2090 

2613 


,00476,0 


4284 

3808 

333 * 

2856 



,00522,6 


4703 

4181 

3658 

3*36 


T«6i 

•79985 


0478 

0956 

*433 

1911 

2389 

T.86 

,92486 


0524 

1049 

*573 

2098 

2622 


,00477,8 


4300 

3832 

3345 

2867 



,00524,4 


47*0 

4*95 

3671 

3*46 


1,62 

,80463 


0480 

0959 

*439 

1918 

2398 

T.87 

,930*1 


[0526 

1052 

*578 

2104 

2631 


,00479,6 


43*6 

3837 

3357 

2878 



,00526,1 


4735 

4209 

3683 

3*57 


7,63 

,80^42 


0482 

0963 

*445 

1926 

CO 

% 

T.88 

,93537 


0528 

1057 

1*585 

2113 

2642 


,00481,5 


‘4334 

3852 

337 * 

2889 



,00528,3 


4755 

4226 

13698 

3*70 


T.64 

,81424 


0483 

0967 

1450 

*933 

2417 

1. 89 

,94065 


0530 

1060 

1*590 

2120 

2650 


,00483,3 


4350 

3866 

3383 

2900 



,00530,0 


4770 

4240 

37*0 

3*80 


1.65 

,81907 


0486 

0971 j 

*457 

*943 

24*9 

1.90 

•94595 


053* 

1064 

1596 

2128 

2660 


,00485,7 


437 * 

3886] 

3400 

29*4 



,00532,0 


4788 

4256 

37*4 

3192 


1,66 

,83393 


0486 

0973 ) 

*459 

1946 

2432 

1 *- 9 * 

•95127 


0534 

1068 

1601 

2*35 

2669 


,00486,4 


4378 

389* 1 

3405 

2918 



,00533,8 


4804 

4270 

3737 

3203 


1. 67 

,82879 


0489 

0978 

1466 

*955 

2444 

T.92 

,95661 


0536 

1072 

1607 

2143 

2679 


,00488,8 


4399 

39*0 

3422 

2933 



,00535,8 


4822 

4286 

375 * 

3215 


T.68 

,83368 


0492 

0983 

*475 

1967 

2459 

*•93 

,96197 


0538 

*075 

1613 

2150 

2683 


,00491,7 


4425 

3934 

3442 

2950 



.00537,6 


4838 

4301 

3763 

3226 


1.69 

•83859 


0493 

0985 

1478 

1970 

2463 

*•94 

•96734 


0540 

1079 

1619 

2158 

2698 


,00492,5 


4433 

3940 

3448 

2955 



,00539,6 


4826 

: 43*7 

3777 

3238 


T.70 

•8435* . 


0494 

0989 

*483 

1978 

2472 

*•95 

• 97*74 


054* 

1083 

1624 

2166 

2707 


,004944 


4450 

3955 

3461 

2966 



,00541,4- 


4873 

4331 

3790 

3248 


T.71 

,84846 


0496 

0993 

1489 

1985 

2482 

! T.96 

,978*5 


0943 

11087 

1630 

2m 

* 7*7 


,00496,3 


4467 

3970 

3474 

2978 



,oo 543»3 


4890 

4346 


3260 


T.72 

,85342 


0498 

0996 

1494 

* 99 * 

2491 

*•97 

,98359 


0545 

1090 

1636 

2181 

2726 


1,00498,1 


4483. 

3985 

3487 

2989 



,00545,2 


4907 

4362 

3716 

3 * 7 * 


*•73 

,85840 


0500 

1000 

1500 

2000 

2500 

1.98 

,98904 


;o 547 

1094 

1642 

2189 

2736 


,00499,9 


4499 

3999 

34 ^ 

*999 



•00547,2 


49*5 

4378 

3830 

3*83 


>•74 

,86340 


0502 

1004 

1506 

2008 

2510 

>•99 

• 9945 * 








,00501,9 


45*7 

4005 

35*3 

3011 












qfOekm f>f human martality,-m. 

Genersd TaWe n, ( „-T_r)' 



i-on 

1 

9 

2 

8 

3 

7 

t 

5 |x(*»’) M 

<rL.i/ 


9 

2 

8 

3 

7 


5 

*93 

*95 

196 

200 

203 

3 *00 i> 

a< 

3.01 i 

3 . 0 * ^ 

1 * 03 ’ 

3 . 04 * 

77356 ^oo 
xiSizyiP 

T 7 S «5 

00*27.4 

,77810 

00227,8 

,78038 

00228,3 

,78266 

0227 0 
*043 * 

0227 € 
2047 

0228 C 
2050 

0228 
2055 

0229 
2057 

454 c 
816 

455 ' 
819 
1456 

822 

457 

826 

457 

1829 

1681 0 
‘ 

082 <3 

598 

3686 

1600 

908 I 
362 
)oio 1 

364 

911 1 

367 
19*3 1 

370 
3914 1 
1372 

I 3 sl 3**5 * 

{37 1 3.26 ] 
13913*27 * 

142 1 3*^8 1 

143 I 3*29 

,83164 

00238,5 

,83403 

00239,0 

,83^1 

,00239,5 

,83881 

,00240,0 

■,84121 

,00240,5 

00 0 
2 

€ 

2 

C 

239 0 
*47 1 
«39 c 
151 

240 c 
156 
240 
1160 
3241 
2165 

477 
908 

478 c 
91Z 

479 c 
916 
3480 
920 
348* 
^924 

716 0 
670 1 

717 c 
67 3 » 

7,9 0 
677 * 
5720 C 
680 
3722 
[684 

954 * 

956 1 

434 
958 I 
437 
9160 I 

3962 1 
443 

3.05 * 

3.06' 

3-07 

3.08 

3*09 

,78495 

00229,2 

■,78724^ 

,00229,6 

■,78954 

,00*30,0 

1,79184 

,00230,5 

*• 794*4 

0229 
Z063 

0230 
2066 

0230 
2070 

0231 
2075 
0231 
2077 

0458 

1834 

0460 

*837 

0460 
1840 

0461 

*844 

0462 
1846 

lllllltlli 

0917 

*375 

0918 

1378 

0920 

1380 

0922 

*383 

0923 

*385 

146 j 3*30 
148 13*3* 
150 J 3 * 3 * 
1153 1 3*33 
1154 1 3*34 

1,84361 

,00240,9 

1,84^2 

,00241,5 

1,84844 

,00241,9 

7,85086 

,00242,5 

1,85328 

,00243,2 


0241 
Z168 

0242 
2*74 

0242 
2177 

0243 
2183 
0243 
2189 

0482 
1^27 

0483 
1932 

0484 
*935 

0485 
1940 
<3486 
1946 

° 7 *| 

1686 

0725 

169s 

0728 

1698 

0730 

1702 

3904 

m 

1449 

* 45 * 

0970 

*455 

0973 

*459 

205 

208 

210 

U13 

IZ16 

3.10 

^11 

T.iz 

3-*3 

3-*4 

1,79645 

,00231,4 

1,79877 

,00231,8 

T,8oio8 

,00232,2 

1,80341 

,00232,7 

*,80573 

,00233,2 

0*31 

2083 

0232 

2086 

0232 
2090 

0233 
2094 
0233 
2099 

0463 
1851 

0464 
*854 

0464 
1858 

0465 
1862 

0466 
1866 

0694 

1620 

069s 

1623 

0697 
1625 

0698 
1629 
0700 
1632 

0926 
1388 

0927 

* 39 * 

0929 

1393 

0931 

1396 

0933 

*399 

115713*35 
1159 1 3 ’ 36 

1161 1 3*37 
116413*38 
ii66j 3*39 

1*85571^ 

,00243,6 

7,85815 

,00244,1 

7,86059 

,00244,7 

7,86304 

,00245,: 

7,86549 

,00245 

5 

0244 

2192 

0244 
2*97 

0245 
2202 
024s 

1 2207 

0246 
2212 

0487 
1949 

0488 

*953 

0489 

*958 

0490 
1962 

0731 
*705 

0732 
1709 

0734 

* 7 * 3 ! 

0736 

1716 

0737 

1721 

0974 

1462 
0976 

1463 
0979 
1468! 
0981 
1471 
0983 
*475 

1221 

1224 

1226 

1229 

3 ->f 

3 **< 

3 ** 

j T, 80806 
,00233,6 

5 1,81040 
,00234,2 

7 1,81274 

,00234,5 
g 1,81509 
,00235,0 

9 *, 8*744 
00,235,5 

0234 

2102 

0234 
2108 

0235 
2111 
0235 

2Ilj 

023< 

212( 

0467 
1869 

0468 

*874 

0465 
1876 
; 047c 

; l88c 

> 0471 
} 188. 

0701 

*635 

0703 
1639 

0704 

1643 

0705 
1645 
070; 

f *645 

0934 

140Z 

0937 

, 1405 
. 0938 
i 1407 
; 094c 
; * 4 *‘: 
r 0945 
) * 4 *: 

11681 3 * 4 c 
117J 13*41 

1 117313*41 
> 1175 1 3*4 
t 1178 J 3*4 

> 7,86795 

,00246,; 
1 7,87041 
,00246,1 
t 7,87288 
,00247, 

3 *,87535 
,00247, 

4 1,87783 

,00248, 

1 

9 

4 

9 

5 

0246 
2216 

0247 
2222 
0247 
2227 
024^ 
2231 
0245 
223; 

0492 
1970 
0494 
*975 
049s 
’ *975 
1 0496 

■ 1 *983 
) 049/ 

r 1985 

0739 

1723 

0741 
1728 

0742 
1 *732 
> 0744 
( *735 
r 074 
J 174c 

n a. 

0985 
*477 
0988 
1481 
0990 
1484 
. 099a 

*487 
1 099^ 
) 1491 

*235 

1237 

ill 240 

h 1243 

3*3 

3 -* 

3 *' 

3 *! 

3 * 

JO 1,8*970 
,00236,0 

11 1 , 822*5 
,00236*5 
tt *,82454 
,00237,0 
J, 1,82689 
_, 0 Q 2374 
*4 1,82920 
^ ,00238,0 

023< 
21 2i 

023 

212 

023 

213 

023 

213 
023 

214 

5 047 
^ 188 
7 047 
9 *89 
7 047 

3 *89 
7 047 
7 *8S 

,8 047 

r* * 9 « 

2 070 
8 *65 

3 071 
2 165 

4 07* 
6 165 

(9 166 
f6 071 

>4 

8 094 
a 1411 

0 094 

6 14* 

1 094 

9 * 4 ^ 

2 09s 
2 142 
4 095 
16 143 

1 1180 1 3*4 

5 1 _ 

6 1183 1 3*4 

9 1 - 

8 1185 1 3 *^ 

2 1 - 

0 11871 3 

4 j - 

;2 ii9o| 3 V 

.5 7,8803a 

, 00249 : 

p6 x,88z8i 
,00249 
[7 1,8853* 
,00250 
^8 7,8878* 
,0025c 
^9 7*8903 
*00251 

,7 

3 

a 

.,8 

H 

024* 

224 

025' 

224 
025 

225 
025 
225 
025 
22^ 

9 049’ 
z 199 
0 049 
7 *99 

0 050 
2 200 

1 050 
7 200 
1 05c 

»3 20 i 

8 074: 
3 * 74 - 

9 074 ! 

8 *74! 

0 075 
2 *75 
'2 075 

6 175 

'3 075 

1 17^ 

7 0991 
4 * 49 ! 

9 099 ! 

8 149' 

1 100 

1 150 

2 100 
6 150 
4 lOO 

10 15c 

1 1248 

8 

f 1251 

I 

3 *254 

(6 1257 
A 




Mr. Gaufmtz natm ^ th fsmctm 

Gsjjwia Table H. 























9e. 























*•65 ,45*71 

,oo 5 j *,5 
z,66 ,*56*5 
. 00353.5 
^•67 ,*3977 

*.68 ,* 433 * 
,00556,0 
*.69 ,*4688 
,00357,* . 

2.7.0 ,25045 
.005584 

*.7r,*5403 

,00559,7. 

*,72 ,25753 

,00561,0 
*,75 ,*6124 . 

,00362,3 
2,74 ,264^ 
,00565,5 


0558 D 7 i 7 
3**6 2867 
0560 0719 
5*57 2878 

0501 0722 
5 *« *888 

0502 07*4 
5s^ ^8 
0564 0^*7 
5*7* 3^ 
































u6a *63146 
,00*98,3 
T.61 ,63644^ 
,00500,0 
1*62 ,64x44 
,00501,8 

1,63 ,€4646 
,00503,7 
t.64 ,65150 

,00505,3 



Ge^ Tiibfe V{fl'), k 



nn 

^ PSfl' <457 
4371 3886 3400 

6^ 0975 *462 

««7 3*99 34»* 



0489 

0979 

1468 

*957 

*447 

4404 

39*4 

34*5 

*936 

2456 

6491 

0982 

*473 

1964 

4426 

3^9 

343« 

*947 

^464 

6493 

0985 

1478 

1971 

4434 

394* 

3449 

2956 


0495 

05^9 

1484 

19^ 

*473 

445* 

3957 

346* 

2^8 


0496 

mi 

1489 

1986 

*482 

4468 

3971 

3475 

^78 

i 


0498 

0997 

*495 

*993 

2492 

4485 

3986 

3488 

2990 


6500 

ttoo 

1500 

2000 

2500 

4500 

4000 

3500 

3000 


0502 

1004 

1505 

2007 

2509 

45*6 

4014 

35*3 

3011 


0504 

1007 

*5** 

2015 

*5*9 

4533 

4030 

35*6 

3022 


0505 

101 X 

1516 

2021 

*5*7 

4548 

4042 

3537 

3032 



T.70 ^209 
,00516,5 

1.71 ,687»6 
,00518,*- 

1.72 ,69244 
,00520,2 

1.73 *69764 

^50522,0 
?,74 ,70*86 . 
,00523,7 


0517 1033 

4649 413* 

0518 1036 

^3 4145 

0520 1040 
4682 4162 
0522 1044 
4^ 4*76 
<^24 1047 
4713 4190 



fi75 ,7C«io ioo o%i^ 

,01^1^0 4714 

1.76 ^f3|6 0527 

474* 

T.77 ,71863 


0507 1015 1522 2030 2537 

4567 4059 3552 3044 

0509 1018 1527 2036 2546 

4582 4073 3564 3053 

0511 1022 1533 2044 2555 

4599 4088 3577 3066 

0513 1025 1538 2051 2564 

4614 4102 3589 30^ 

0515 1029 1544 «>58 2573 

4631 4117 3602 3088 


1550 2066 2583 
3616 3099 
*554 *07* »f9i 

3627 3089 , 

1561 2c^x »aof 
3641 3121 
1566 2088* 

3654 8*1* , 

1571 20^ 2619 
3666 3142 


0544 

1088 

1632 

2176 

27*1 

4897 

4353 

3809 

3265 


0546 

1092 

1638 

2184 

*73* 

49*5 

4369 

3823 

3*77 


0548 

1096 

1644 

219a 

*74* 

4933 

4385 

3837 

3*89 


0550 ! 

1100 

*650 

2200 

*750 

4950 1 

4400 

3850 

3300 


055*1 

1103 

1654 

22<^ 

*757 

4963 

4411 

38^ 

3308 








































































Gen^TaWg lH. 



2.60 >02549 
JOOJSO^O 

1.61 ,02509 
*OOJ8j,2 

1.62 »03JI0 
>00182,4 

2.63 .03^* 

2.54 *04^ 

1.65 ,04460 

iOoj85,8 

2.66 ,04^40 

# ,00387,1 

2.67 ,052:33 
,60388,2 

2.68 ,05621 

.003^,4 

2.69 ,0^10 
h 3O3J)0,6 

2.70 ,©6401 
,00391,9 

2.71 ,06793 
,00393^ 

2.72 ,07186 
,003^,3 

2.73 ,07581 

00395*5 

2*74 *» 797 f ^ 


0386 0772 

347* 3086 

0387 0774 
3484 3097 

0388 0776 
3494 3106 

0389 0779 

. 3505 3"5 

0391 07S1 

35*5 3*25 


**S7 *543 *5*9 
2701 2315 
1161 1548 1936 
2710 2323 
1165 1553 1941 
*717 *3*9 
1168 1558 1947 
2726 2336 
1172 1502 1953 
*734 *344 


0392 0784 1176 

35*7 3*35 *743 

0393 0786 1179 

3537 3*44 *75* 

0394 0789 1183 

dm 3*54 *760 

0396 0791 1187 
3560 3164 2769 

0397 0794 **90. 

.357* 3*74 *778 


1568 i960 
*35* , 

*57* *965 
2358 

*577 *97* 
2366 

1582 1978 

o 

1587 1984 
2381 





















T.os 

420889 


0439 

o»77 

1316 

*755 

»>94 

T .06 

. 00438,7 


3948 

35*0 

307 * 

2632 


*21328 


04 ^ 

0880 

1321 

1761 

2202 


, 004401 ^ 


396 *, 

35** 

3081 

2641 


1.07 

,21768 


0442 

0883 

*3*5 

J 767 

2209 


, 00441.7 


397$ 

3534 

3092 

2650 


1.08 

,22209 


044 $ 

0886 

1330 

*773 

2216 


, 00 ^ 3,2 


3989 

5546 

3102 

*659 

1 

1.09 

***653 


,0445 

0889 

*334 

1779 

2224 


. 00444,7 


4002 

3558 

3**3 

2668 



*-»f ^m9 

i,z6 .39419 

* 90470*9 

f.a; ^o$go 

1*28 .32363 
. 0047^,1 
1**9 .31837 . 
.00475*7 


. 00477*3 

‘32 *3*790 


0469 0919 ! 
4*«4 5754 1 
047* 094 * 
4*3^ 57^7 
0475 990 
4*53 57^ 
0474 

4267 3793 

0470 095 * 

4281 3806 


1408 1877 *347 
3285 2816 ' 

1413 *884*55^ 
3206 2Sbs ^ 
14 x 8 2 ^ 2^62 
3308 z%s 
1422 1^2371 
3319 2845 

H*? »9>3 *379 

3330 2854 


56 . 55*01 



1.15 

.*5343 

0454 

0907 

1361 

1815 

226 ^ 


. 00453.7 

4083 

3630 

3176 

2722 

T.i 6 

.*5797 

0455 

09 I 

1366 

i 8 zi 

2277 


. 00455.3 

4098 

3642 

3*87 

*73* 


1.17 

,26252 

, 00456,8 

0457 

41 ** 

0914 

3654 

*370 

3198 

1827 

2741 

2284 

T .18 

*26709 

, 00458,3 

0458 

4125 

09*7 

3666 

*375 

3208 

*833 

2750 

2292 

T .19 

, 27*67 . : 

, 00459,9 

.0460 

4*39 

05220 

3679 

1380 

3**9 

1840 

*759 

2300 


1.20 ^27627 
,0046 1»4 
T .21 *28089 , 
*00463*9 
1*JIM * 28^51 

1. 23 , 

.004642 
T.»4 .29^2 
; .00447.7 

MDCCCXXV. 


x> 46 i 09123 
4*53 3^1 
43463 ,<^26 
4167 3704 

0465 0929 
- 41 ^ ^717 

0466 <^32 
4194 37*9 
0468 0935 
4209 3742 


1384 *846 23 <^ 
3230 2768 
1589 i 8 j 2 2315 
5241 2778 
*394 *858 *3*3 
3252 2788 
1398 1864 2331 
3263 2797 
1403 1871 2^39 
3274 2806 
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G^al iaWe IH. \{i% 



a 

1 

i 

i 

i 

m 

B 


Ji-en 


i 

9 

2 

8 

3 ■- 

f 

i 

5 

1.50 

^• 5 * 

» i* 

*•53 

1.54 

1 

,00 

0511 

4597' 

OSJS 

4613 

<^ 5 * 4 , 

4628 

0516 

464s 

0518 

4660 

102I 

4086 

1025 

4100 

1028 

4114 

1032 

4*29 

1030 

4142 

S 5 ^ 

15.43 

3599 

1548 

36*3 

3625 

1043 

30% 

2050 

3075 

2057 

3085 

2064 

3097 

2071 

3107, 

^554 

*563 

*571 

2581 

2589 

*•75 

¥.76 

1 77 

¥.78 

¥.79 

, 5547 * 

.00555,2 

,56026 

,00556,9 

,56583 

,00558,6 

.57142 

,00560,7 

,57702 

,00562,4 

.00 

0555 

m ? 

055? 

5012 

0559 

50*7 

0561 
5046 

0562 
5062 



2221 

333 * 

2228 

334* 

2234 

335 * 

2250 

3374 

2776 

2785 

2793 

2804 

2812 

2821 

2830 

2839 

2849 

2858 

»-SS 

T.56 

T.57 

Ta 58 

*•59 

T.60 

T.61 

la62 

1.63 

1.64 

M 7 AS 

.005*9,5 

yf 5264 

/X)52I,2 

.45786 

,00523,0 

.46309 

,00524,7 

.46833 

,00526,5 


0520 

4676 

0521 

469* 

0523 

4707 

0525 

4722 

0527 

4739 

1039 

4156 

1042 

4170 

1046 

4184 

*049 

4198 

1053 

4212 

*559 

3637 

'iH 

3648 

3661 

*574 

3673 

1580 

3686 

2078 

3**7 

2085 

3*27 

2092 

3138 

2099 

3148 

2106 

3159 

2598 

2606 

2615 

2624 

2633 

T.80 

¥.81 

1.82 

¥.83 

¥.84 

,58265 

,00564,2 

,58829 

,00565,9 

.59395 

,00567,8 

.59963 

,00569,7 

,60532 

.0057 *,5 


0564 

5078 

0566 

5093 

0568 

5110 

0570 

5127 

0572 

5*44 

1128 

45*4 

1132 

4527 

1*36 

4542 

1139 

4558 

**43 

4572 

1693 

!^1 

3961 

*703 

3975 

1709 

3988 

1715 

4001 

2257 

3385 

2264 

3395 

2271 

3407 

2279 

34*8 

2286 

3429 

.47360 

,00528,3 

H 7888 

,00530,0 

48418 

.00531,8 

48950 

,00533,0 

49484 

»oo 535,3 


0528 

4755 

0530 

4770 

0532 

4786 

0534 

4802 

0535 

4818 

1057 

4226 

1060 

4240 

1064 

4254 

1067 

4269 

1071 

4282 

1585 

5698 

1590 

3710 

*595 

3723 

1601 

1606 

3747 

2113 

3170 

2120 

3180 

2127 

3 * 9 * 

2*34 

3*02 

2141 

3212 

2642 

2650 

2659 

2668' 

2677 

¥.85 

¥.86 

¥.87 

¥.88 

¥.89 

,61104 

.^ 573, 3 

,61677 

,^575,1 

,62252 

,00577.0 

,62829 

,00578,8 

,63408 

,00580,8 


0573 

5160 

0575 

4176 

0577 

5193 

0579 

5210 

0581 

5227 

1*47 

4586 

1150 

4601 

1154 

4616 

1158 

4630 

1162 

4646 

1720 

4013 

1725 

4026 

173* 

4039 

1736 

4052 

1^6 

2293 

3440 

2300 

345 * 

2308 

3462 

23*5 

3473 

2323 

3485 

2867 

2876 

2885 

2894 

2904 

¥.65 

¥.66 

¥.67 

¥.^ 

¥.6g 

,50019 

.00537,1 

.50556 

.00538,9 

.5*095 

,00540,7 

,51636 

,00542,5 

,52178 

,00544,3 


0537 

4834 

0539 

4850 

0541 

4866 

0543 

4883 

0544 
4899 

0546 

49*5 

0548 

4920 

0550 

4947 

496^ 

0553 

498c 

1074 

4297 

1078 

431* 

1081 

4326 

1085 

4340 

1089 

4354 

1611 

3760 

1617 

3772 

1622 

3785 

1628 

3798 

*633 

3810 

2148 

3223 

2156 

3233 

2163 

3244 

2170 

3*55 

2177 

3266 

2688 

2695 

2704 

* 7*3 

2722 

¥.90 

¥.91 

¥.92 

*•93 

¥,94 

,63989 

,00582,5 

,64572 

,00584,4 

,65156 

,00566,2 

,65742 

,00587,9 

,66330 

,00590,0 


0583 
5243 

0584 
5260 
0586 
5276 
0588 
5291 
0590 
5310 

1165 

4660 

1169 

4675 

1172 

4690 

1176 

4713 

1180 

4720 

1748 

4078 

1753 

409! 

*759 

4*03 

1764 

4115 

1770 

4130 

2330 

3495 

2338 

3506 

*345 

35*7 

2352 

35*7 

2360 

3540 

2913 

2922 

2931 

2940 

2950 

»* 7 < 

1 . 7 J 

1^71 

1.71 

7.7 

) , 5 * 7 i 3 
,005^,! 
i . 33»69 
,00547,1 
t .538*6 
,00549,; 
J .54366 
,00551,; 

i .54918 
j ,00553, 

I 

i 

7 

5 

3 

1092 

4369 

1096 
. 4382 
. 1099 

' 4398 

1 1103 

h 4412 

r 1107 
j 4426 

1638 

3823 

1643 

3835 

1649 

3848 
i *655 

' 3861 
' i66o 
1 3873 

2184 

3277 

2191 

3287 

2*99 

3298 

2206 
3309 
» 2213 

i[3320 

* 73 * 

2739 

2749 

2758 

2767 

*•95 

¥.9e 

1.97 

i , 9 i 

*•95 

: ,66920 
,00591,7 
) ,67512 

.^593,5 

f ,68105 
.00595,4 
} ,68701 
,005^,3 
) 169*98 


0592 

53*5 

0594 

5342 

0595 

5359 

0597 

5376 

1183 

4734 

1187 

474 * 

1191 

4763 

** 9 | 

4778 

1775 

4*42 

1781 

VM 

4168 

1791 

4181 

2367 

3550 

2374 

356* 

2382 

357 * 

*389 

3584 

2959 

2968 

2977 

2987 









































M*. OolflMTZ m thk ^ Iftf jmdm 
Oetteml Table IV* For the whole of life* x(4r;ii). 





H 



X(«) 


m 

^X(dr 5 J*i) 

X<«) 



*xt;«tLi) 

Ui 0 

Hgjfll 

1-875 

47688 

T.'906 

^58683 

,00488 

.59171 

7.925 

,72468 
.00635 ' 
> 7 Si<>i : 

1. 950 

.91357 ! 



t.^Si 


1.876 

,00401 

,48088 

1.901 

7*9*6 

1,951 

,00929 ; 
,92286 

1 * 0 % 

,01824 

^>H 5 S* 

,01899 

,01980 

i,a84ji 

t .%3 

Stii 

a; 

1.877 

1.878 

,00405 

> 4*493 

,00407 

,48966 ' 

7.901 

T.903 

,00497 

,6oi6i 

1.9*7 

7.9*8 

,0064a i 
.75745 
,00650 
> 7439 $ 

f,i 95 * 

>00946 ' 

>^ 3 * 3 * 

,00966 

>94198 

1.977- 

1.978 

t.%* 


1.179 

,00410 

49116 

1.904 

,00502 

,60663 

7.929 

,00659 

.>W 5 J 

1.954 

,00984 

,9518* 

1*979 

,02071 

1,36503 


»«> 3 S* 


,00412 


,00507 


,00668 


,01006 


,02170 

T.$ss 


f.g«o 

> 497*4 

1*905 

,61170 

7^930 

> 757*2 

1*955 

,96188 

1.980 

1,32672 

,00353 

5.881 

,00416 


,^511 


,00676 

1.956 


1.981 

,02278 


> 4 ^§' 4 i 

,50158 

4.906 

,61681 

U931 

,76398 

,97215 

1,34950 


»<» 35 S 

1.882 

,00419 


,00516 

,62197 


,00685 

^•957 

,01049 

1*982 

,02398 

i-tst 

,46895 

>50557 

1.907 

€.932 

,77083 

,^*64 

1,37348 

*00357 

1.8I3 

j 00^2 

7,908 

,^521 


,00695 


,01073 

1.983 

,02583 

1458 

,4*456 

>50979 

,62718 

T.933 

>77778 

1*958 

>m 37 

1,39881 

,00160 

5.884 

,00425 


,^527 


0 CO 

l€ 


mmim 


,02683 

1.85$ 

,41016 

,00362 

>51404 

1.909 

>63*45 

*•934 

1*959 

1/30434 

1.984 

M* 5^4 


,00428 


,00531 


,00715 


,01123 


,02853 

t.86d 

,41978 

,00364 

1.885 

,5183* 

7.910 

>63776 

7.93s 

>79197 


1^1557 

1.985 

1,45417 

t.$6i 

5,886 

,00431 


>00537 


,00724 

T.961 

,01 I 50 


,03047 

1,48464 

4*344 

,00366 

,52*03 

f.911 

>64313 

7.936 

,79921 

1,027137 

1.986 



>00435 

,52698 




>00735 

,806^ 

1.962 

,01179 

1.987 

,03269 

t. 8 i 52 

,4 z^o8 

5.887 

7.912 

7-937 

1,03886 

1,51733 

,03526 

i.ttj 

,00368 

5.888 

,00438 

4.913 

,00548 

7.938 

,00746 




,44676 

^53136 

,65404 

,81402 

1*963 

1,0509s 

T.988 

1 , 55^59 


,00371 

5.889 

,00442 


,^554 1 

,65958 


,00758 

1.^4 

0,01241 

T.989 

,03829 

1.8S4 

43447 

>53578 

1.914 

7.939 

,82160 

1/163^ 

1,59088 

»«>373 ; 


,00445 


>00559 : 


,00769 


,01274 


,04189 

't.86s 

,438*6 

5.890' 

> 540*3 

7,915 

,66517 

1.940 

,82929 

1.965: 

1,07610 

T.990 

1,63277 

t.866 

,00376 

,00449 

7 % 9 i 6 

,00560 



1,966 



,04626 

44196 

5.891 

> 5447 * 

,67083 

1.941 

,83710 

1,08919 

t.991 

1,67903 

*r.8g7 

,00378 

5,892 

,0045a 

7,917 

.00572 ! 


,00793 

>84503 

1.967 

,013^ 


,05163 

^44574 

> 549*4 

,00456 

,6763s 1 

1.942 

i,io^7 

T.992 

1,73069 

t.866 

,00380 

5,893 

7.918 

,00578 ' 

1.943 

,00807 

1.^8 

.01387 

1,11654 


,05849 

>44954 

>55380 

,68233 

,85310 

i -993 

1,78918 

?.«69 

,00383 

45337 


,00460 

,55840 

^00464 

f.919 


7.944 

,00820 

,86130 

T.969I 

,01429 

1,1^8? 

1.994 

,0674s 

1,85663 


,00385 


,00591 ! 


>00833 


>01475 . 


,07968 

t;87o 

, 4 S 7 ?i* 

5 , 8 ^ 

,116304 

7,9^ 

^08 

1,945 

>86963 

T.970 

1,14558 

1*995 

1,93631 


,00388 


>o<H 67 


K»S 98 

7.946 

,00848 


>015*3 


,09741 


,46110 

>56771 

t.jai 

^70006 

,87811 

1.971 

1,16081 

1.996 

*,'03372 

1.85^ 

,00390 


,0047a 


,00695 


,co86j 


.01574 

1*997 

> 1*544 

,46566 

> 17*43 


,7061*1 

1*947 

i 88674 

t.972 

1,17655 

2,15916 


,00393 

5 . 8 ^ 

,00476 

1.923 

,00611 

1.9^ 

,00878 


.01530 


1 >17459 

,' 4^93 

>l 7 ri 9 

,712TZ 

>8955* 

1-973 

1 , 19 * 8 $ 

1.998 

2,33575 

^«74 

,00396 

1.8^ 


,00620 

.,00894 

1-974 

,01690 


t >30153 

472^ 

1.924 

*71642 • 


,904^ 

iiao 975 

2,63728 


>00399 


,0048s 


,00626 


,00911 


,01753 







































S §7 

tite value of an annuity £aar to yenrs^ at i per cent. £e^ t^MS ai^ual tables o£ mortm^^ 
and cxmsidered e^^ual to a geometrical aenes of ten tpr^, of wMck the cmamon ratio 
i$ tl^ same as the first aecosnmo^ted dbaiwce; and to 

find the accommodated ^Siance for 7 yt^s* &:c. without a tab^ calculated for die 
pucpoae* k may he ocmsidered sufiSid^t to mult^ly . hjr »5 1 >7» Sec, the acconuuodkted 
ratfo in nmle when extrame accuracy 1|e not r^uir^. 




Age. GadUe. 

S» 

53 ‘ 1^8 

54 i»fo >3 

5| H^‘5 

56 

57 £,i6gD 

58 1,8513 

59 t»f 435 

60 < ^,8318 

61 £,8243 

6a i.ityi 
63 £,8c^ 

6 + i»7974 

65 1,7860 

66 #,7703 

67 £.7506 

68 f,7io7 

69 f, 7 ^ 

70 £,6689 


£» 95*7 

£. 9 ‘ 4 o 

1,9126 

00 

«7 

*,9528 

1,9104 

88 

i »9534 

7,9083 

89 

1*9527 

7,8057 

90 

1,9517 

1,9031 

9 « 

1,9506 

7,9001 

92 

1,9488 

1,8973 

93 

1,51465 

i,«943 

94 

1*9438 

7,8915 


1.9403 

. 7^8882 

9 ^ 

*,9361 

7.8848 

9 r 

7,9308 

liSSio 


1,9*63 

1^8767 

99 

1,9200 

1,8740 

100 

£,9158 

i> 86 ji. 

107; 

1,9098 

7,8621 

102 

1,9027 

7,8571 

103 















Mr, O&mWTz (m the nature of the function 


JJJLt , — 

, ,- r.. „ T-«^» Joetieafer«rei7tgefl 

rjmS VI.r-Aec«M»*rt«« 

xr=xi1f — 



T^iari 

1,993*3 

*»994S^ 

1,995*8 

1,99577 

1,995^ 

?,9^ 

1,99600 

^.995*9 


*9957/ 
«>99S63 
',99549 

,99535 
,995** 
1,99509 
1,99487 

1,99484 

1,9947* 

1,99455 

■,9944* 

.•994*5 
1,99408 

1,99390 

.99370 
,99349 
1,993*8 

1,99300 

1,99*^ 

1,99*65 

1,99*45 

1,99x24 

1,99201 

1,99*70 

1,99149 

1,99110 

1,99090 

1,99058 

1,99025 

1,9899* 

1,98958 
1,98924 
1,98890 
1,98853 
1,98814 
1,98771 

1,987*5 
1,98673 

1,98612 

1,98546 

1,98471 


*,99399 

1,994^ 

1,99473 

*,99493 
1,99505 

1,995*3 

1,99519 
1,995*9 
1,995*4 

*,99503 

1,99491 

1.99478 

1,99464 

1,99450 

*,99438 

1,994*5 

1,994*1 

1,99398 

1,99388 

1,99375 

*,99364 

*,99350 

1,99338 

1.993*3 

1,99308 

1,99293 

*.99*77 

1,99*59 

1,99241 

1,992*3 

1,99202 

1,99181 

1,99158 

1*99*34 

1,99109 

1,99077 
1*99043 

,99006 
>,98967 


1,9887 

1,98828 

1,98771 

1,98714 

1,98655 

1,98590 

1,98526 

1,98456 

1,^386 


1,985*7 
T.98997 
1,99*5* 
1,99*44 
*,99*84 
1,993*4 ^ 
1,99346 
1,99357 

1,99354 
1,9934* 
1,993*3 
1,99304 

1,99284 
1,99262 

1,99*40 

1.99** 3 

1,99190 
1,99167 

1,99145 
1.99124 

1.99106 
1,99088 
1,99070 

1,9905* 
1,99030 

1,99009 

1,98988 

1,98965 

1,98943 

1,98917 

1,98892 

1,98865 

1.98837 

1,98808 

1,98777 

1,98745 

1,988 ii 
1,9867s 
1,98637 
1,98597 
1,98556 
1,98513 
I ,98469 

1,984*3 
1,98375 

1,98323 
1 ,98270 
1,98209 
1,98148. 
1,98083 
1,98017 


1.98390 

1,98305 

1,98212 
1,98112 
1,98005 

1,97887 
1,97763 
1,97637 
1,975*4 

1,97400 
1,97281 

1,97*54 
1,97014 

1,96858 
1,96685 

1,0649* 
1,96*73 

1,96029 
1*95755 
1,95440 
1,95* '» 

1,94784 
*,94467 
1,94*85 

1,93888 
I»9359* 
1,93*65 

1,92863 
1,92461 
"’,91891 

1,9*49* 
1,90939 
1,90344 

1,89657 
1,88978 
1,88369 
1,87972 

1,86560 
1,87056 
1.87595 
1,87840 
1,87967 
1*77774 
1.77140 
1.76333 

^,84829 
1,81282 
1,75663 
1.654,1 
1,40206 


1,98216 

1,98240 

1,98156 

1,98073 

1,97082 

1,97882 

1*977/0 

1,97668 

1,97545 

1.97408 

1.97*54 

1,97093 

1,9691 2 
1,96707 

1.96489 

1,96250 

1,96009 

1,95750 

1.95480 

1,95181 

1,94870 

1,94542 

1,94180 

1,93790 
*,93330 
1,9*833 
1,92314 
*,9*7*5 
1,9* *»4 
1,90493 

1^89856 
{,89009 
T,88co5 
1,86782 
1,85416 
1,B40 i I 

1,81788 
1,78941 
1.75**3 
1,70265 
1,63694 
1,52971 


1*97950 

1,97878 

1,97802 

1.977*1 . 

1,97635 

1,9754* 

1,97445 

1,9734* 

1.97*30 

I»97*** 

1,96983 

1,96843. 


1,96346 

1,96150 

1.95936 

1.95703 

1,95448 

I»95*Z* 

1,94869 

1,93812 

1,934*3 

1,9*994 

1,9*503 

7,91916 

1,9* *46 

1,89697 
1.88844 
7,88 1 10 
7,87361 
1,86599 

I'*S^3 

1,85069 

7.85454 

1,82245 

1,79303 

1,7499* 

1,67376 

1,55753 

1.3050s 



expressive of the law of human mortality, &c. 56 ^ 


TABLE VIL— ‘Log^uridim of Carlisle chance of living 5 years at every age a. 


€t 

\ chance. 

a 

\ chance. 

o 

X chance. 

a 

X chance. 

a 

X chance. 

0 

1,83232 

20 

1,98469 

40 

1,96915 

60 

1,91826 

80 

1,66927 

. 1 

1,80709 

21 

1.98457 

4 * 

1,96836 

61 

1,91483 

81 

1,64194 

2 


22 

1,98439 

4a 

1,0790 

62 

1,91180 

82 

1,61095 

3 

>>95354 

*3 

i, 98 W 

43 

1,96780 

63 

1,90864 

83 

11 , 57 >oo 

4 

1,96747 

24 

>>98333 

44 

Tj^8o8 

64 

1,9049* 

84 

1,53422 

5 

1,97792 

25 

1,98213 


1,96857 

H 

1,90067 

85 

*>50393 

6 

1,98376 

20 

1,98091 

46 

i, 09 i 8 

66 

1,89586 

86 

1,45652 

7 

1,9^703 

27 

*>97967 

47 

1,96941 

67 

1,88838 

87 

*40377 

8 

1,98869 

28 

1,97863 

48 

i, 9%>5 

68 

*,87746 

88 

1,36691 

9 

T,o8q30 

29 

1,97804 

49 1 

1,08 18 

69 

1,86279 

89 

£>34438 

10 

1,9891 1 

30 

1,97789 

50 

1,96676 

70 

1,84362 

90 

£>32483 

Ji 

1,98836 

3 > 

1,97783 

I 

1.96477 

7 * 

*,8^305 

9 * 

*>34054 

12 

1,98754 

32 

1.97767 

5 » 

1,96269 

72 

1,80220 

92 

1,38021 

»3 

1,98670 

33 

>>97736 

S 3 

1,96017 

73 

1,78348 

93 

£ 4*373 

H 

>>98593 

34 

1,97687 

54 

1,95660 

74 

1,76877 

94 

£>43933 

JS 

1,98528 

35 

1,9761 1 

55 

*> 95*55 

75 

1,75508 

95 

*> 477 ** 

16 

1,98490 

36 

>>97490 

56 

1,9^* 

76 

1,7423* 

0 

*48337 


£,98479 ’ 

37 

>>97349 

57 

1,93711 1 

77 

1,72712 

97 

£>44370 

f8 

1,98476 

38 

*> 97*94 

58 

£,92973 

78 

1,71062 

98 

*>33099 

*9 

1,98472 

39 

1,97044 

59 

1 

*> 9*343 

79 

1,6803 




Logarithm of the Carlisle chance of living 10 years at every age a. 


0 

1,81023 

*9 

I> 08 o 5 

38 

*>93973 

57 

7,84891 

76 

1,38425 

1 

1,88086 

20 

7,96682 

39 

1,93851 

58 

1,83836 

77 

1,33807 

2 

1,91526 

21 

7,96548 

40 

*> 9377 * 

|9 

1,82835 

78 

7,28163 

3 

1,94223 

22 

7,9640 

4 * 

*>93754 

60 

7,81893 

79 

1,2*385 

4 

1,95677 

23 

7,0268 

42 

*,9373* 

61 

7,81070 

80 

1,1732b 

5 

£^702 

24 

7,0136 

43 

1,93694 

62 

1,80018 

81 

7,09846 

6 

1.972*3 

*5 

7,96002 

44 

1,93626 

63 

7,78610 

82 

7,01472 

7 

*>97457 

26 

*>95873 

45 

*>93533 

64 

i.76771 

83 

2,93791 

3 

1.97540 

27 

*.95734 

46 

1,93395 

65 

£>74430 

84 

2,87860 


*> 975*3 

28 

7,95598 

47 

1,932*1 

66 

1,71891 

H 

2,82876 

JO 

*.97438 

*9 

1,95490 

48 

7,92932 

67 


86 

^> 797^6 

It 

1,97326 

30 

1,95400 

49 

7,92478 

68 

1,66094 

87 

2,78398 

12 

*, 97*33 

3 * 

7 , 95*73 

50 

1,91830 

69 

1,63157 

88 

2,78064 

*3 

1 , 97*0 

3 * 

7 , 95 **^ 

5 * 

1,90938 

70 

1,59870 

89 

». 7 *J 7 « 

*4 

1,07065 

33 

7,94929 

5 * 

1,89980 

71 

1,56536 

90 

1 2,80195 

*5 

1,96996 

34 

7,94730 

53 

1,88990 

72 

1 . 5 * 93 * 

9 * 

2,82391 

s6 

1,0947 

35 

1,94526 

54 

7,88003 

73 

1.494** 

9 * 

2,82391 

>7 

1,091 8 

36 

7.94326 

5 | 

1,86981 

74 

1,45840 

93 

*>74473 

18 

i, 088 i 

37 

1,94*38 

5 ^ 

*.85944 

75 

*. 4*434 
















Mr. Gotmsxx m the mtkot ^f thefnnOkn 


TABLE VIL— coarfuHKd. 

Idgsrito <^the Cadisll dmce «f Uving 15 for e^erf 9 ^ 4 u 






10 ^944 ^ 
u N9J874 
iZrXt 93^39 

15 ‘4,9*999 

16 I>9282t 


17 4i9a65a 

18 1^2479 

I9T 4i92295 

20. 4^2082 

21 1^91821 

22 |>9I521 

23 V 1^91197 

24, 1,90860 
25 2,90528 

2&; 

27 I>S9872 
28% f;89574 

29 *»%34* 

30 I;89I72 

31 4^27 

32 T, ‘88847 

t 33 1,88624 


34 1^88356 
35- *^059 
36. M7721 
37 i.fn49 
3« 1^^6906 

39 1^6329 

40. 2,85602 

42 |#8469* 

4* *^S7M 

43 ?;82684 
1^2628 

4^ 4^80513 

4® 1*79339 
45 , 4,78101 
^ i #76768 

49 I»753« 

50 1*737*3 


2,56823 

2*49^03 

2,43900 

^394W 
2.35*64 
*4*794 
2,30588 
2,28043 
87 11,22768 
9 ^ 12,11163 


91 4,72007 

52 4,69998 

53 i:,675g9 

54 . *'>64744 

55 1,61410 

56 1,5783^ 

57 I>53949 

58 4^9930 

59 ^,45991 

60 1,41763 

61 J,^6o6 

62 1,32950 

63 1,28021 
64- 4,22611 
^ ^16864 
66 4,10317 
^ 4,02866 


68 2,9425^7 

69 . 

70 4,77*90 

71 2,66383 

72 -2,54404 

73 M3*02 

74 *>33701 

75 i?*S3** 

76 2,18132 

77 2,12205 

78 2,06227 

79 2,00757 

80 3?975*S 

82 '3f^8^ 

83, 1,1^263 

























































TABLE vs— «M<Mwi. 


jUoi^aitlua o^Kti^ ^5 a^ 



































SO 


!» 9 |% 

1,90027 

1,96282 

1*96495 

“ >96614 
,^582 
, 9^8 
1,96313 

1,96175 
- ,96034 
,95892 

>95798 

,95636 

1,95508 

",95460 

, 9541 a 

*95363 

* 953*3 

,95262 

,95209 

,95156 

,95*66 

*95177 
_* 9 S‘ 87 

1*95197 

, 95*09 

,95220 

* 95*31 

-95*43 

,95256 

*95196 

,95071 

,94868 

r, 94 ^i 

■>94373 

,93998 

,93611 

* 93^13 

,92720 

,92208 

,91188 

,90675 

1,90140 

1,89657 

1 * 8^29 


1,89765 

1^44 

1*91193 

!» 9*|75 

1,91825 

1*91985 

1,92101 

1,92122 

1,92042 

1 , 91^0 

1,91676 

1,91488 

1,91296 

1,91101 

1,90954 

1^869 

1,90783 

1,90695 

1,90657 

1 , 5^621 

1,90583 

1*90544 

1,90505 

1,90465 

1 , 9035 * 

1 , 90*37 

1,89570 

1,89207 

1,88831 

1,88444 

1,87963 

1,87464 

1,86947 

1,86259 

1,85543 

1,84801 

1,84030 

1,83**? 

1,82288 

1,81307 

1,80281 

£,79090 

1*77791 

1,76290 

1,74635 

1,72718 

1,70725 

1,68478 


1,85126 

£* 855^7 

£. 8^5 

1 , 8^84 

7 , 81^81 

1,87151 

1,87278 

£.87309 

1 , 87*39 

1,87069 

1,86896 

1,86719 

!*!^539 

i *!5357 

1,86150 

1,85940 

1,85651 

1,85356 

1,85030 

1,84619 

7 , 8419 + 

■•f37J7 

1 . 83,25 

T, 8«573 

1,82103 

i»f 4*5 

1,80720 

1,79988 

1 * 79*27 

1,78436 

1,77508 

1,76538 

1*755*4 

1*74346 

1 , 7*987 

1,7*361 

1,69503 

1^67379 

i, 65<^ 

1,62476 

1,596*1 

1,56496 

1*53049 


1*454 
1*41009 
1,362^ 

1,30770 

i ,*4768 

1,18123 


1,80346 

1,81188 

1,81698 

1,82040 

1,82177 

1,82222 

1,82146 

1,81070 

1^81012 

1 , 81067 ^ 

1,80507 

1 , 7993 * 

1*79*59 

1,78565 

1*77901 

£,76326 

1,75496 

1,74687 

1*73848 

1 , 7*871 

1,71851 

1,70786 

1,68143 

1,66527 

1,64680 

1,62566 

1,60295 

1*57685 

1,54841 

1 * 517*7 

1,48292 

1,44698 

1,40682 

1,36080 

1*31137 

1**5431 

1.19141 

1 , 1*121 

1,04780 

3,97220 

2,88745 

2,79090 

2,67921 

i .56499 

2 ^ 33*7 

2,27721 

2,08846 

1*85387 


£*73957 

1 , 74^1 

1 * 144*8 

1 * 74*48 

1 , 739*8 
1,73410 
1,72821 
1,72110 
1,71269 
1 , 702 ^ 
1,69184 
£^8026 
1 166820 
1*61447 
1*63941 
1,62230 
1,60286 
1,58074 
i*5S75S 

1,53097 

1,50204 

1*47040 

i»43554 

1*39907 

1*35838 

1,31246 

1,26314 

1,20618 

1,14338 

£,07330 

1,00000 

2,92451 

2*83988 

2*74346 

2,63117 

**51570 

2,38195 

2,22382 

1,03219 

1*79385 

3*49757 

3 .*o <35 


1,62654 

£, 624 ^ 

1,61979 

1 , 611 ^ 

£*5908 

£,58512 

1 . 56781 ; 

1,54688 

1 , 5*337 

£*49545 
1.46517 , 
1 . 43*15 ! 
£*39588 
1*35799 I 
1,31636 ; 
1,26949 I 
1,21920 
1,16126 i 
1,09798 
1,02742 
2.95363 

2,87764 

2 , 79*50 

5*69555 

5 * 58*73 

2,46730 

5*3337* 

5.17569 

3,98416 

1*74594 

3.44977 

3*15366 














, 4 ^ - 








4 1*9*894 

I £*93843 

6 1*947^ 

7 £*9S|*» 

5 1,956^ 

9 £.95759 

10 1,9)632 

II 1,95418 

12 1,95158 

13 £.94890 

»4 1.94617 

15 £.94337 

16 £,94049 

17 £.93779 

18 £.93543 

19 1.9334* 

ao 1,93168 
*1 1.93033 1,84718 

zz Ti9*9t8 1,84417 

23 1,92801 1,84^1 

24 £,92679 1,83752 
*5 



29 1,92004 

30 £,91853 

31 1,91685 

3* 

S3 1.91*90 

34 1.91073 

35 1.90848 

-30 1,90612 

38 1,90107 

39 ~ o 

40 1,89541 

41 

42 

43 

44 

47 

48 

49 

50 1,85329 

51 1,84795, 

5* «*«4*37i 
















tibw valt]^ of piotlcular assuraiuses may be deter- 
^med Ixto tte vidue ^ annuides, is abown in my Papier in 
tli^ IHdlosophicai Tiarisacdcms for the year iS«o, many of 
cam of which are solved by metlkxls ^^itmlly tl^ 
aa those which have hem Icmg adoj^ed ; but whm 
mch assurances are but for l^rms, which are not great 
extension, very near approximatiom may be had using 
a geometrical progressicai, without confining the addaneti- 
cal opera^ns to the same route, since the chance of extino 
don of the joint lives of die present age a, 6, r, &c. taking 
pla<» between the period comm^cing with the time , 

and finishing with the time » + t, frcan the present, is 
^ft+ #- 1 : a, c, &c. ft 4* ^ *,«,&€.) i, c, &c. ; it foUows that 
if r be the present value of imity, to he received certain in 
the time i, and whatever t 


may be, that or the assurance of unity to be 

received at the first of the equal periods i, from the com- 
mencement of the time n*— i to the expiration of the time m, 
which shall happen after the extinction of the joint lives, 

is equal to — l ^ {'’* ^ (i—’f) + «•*) + 

;t;w) r-x(^-zi 

1 r+»r + r---— 

If the assurance be not deferred, n will be equal to i, and 


we shall have, according to the hypothesis, *ei ^fi^ a=s 

( 1 — .»). rxlWiS:.; and also = ~ . iklifi*?:. If t be 

4F 


MOCCCXXV, 



<]bMF£RTz m the ef thejmcihn 

tak^ ^«al to 1 ,we shall have the equation 

L , ■ . ^ airf tMs vmM h& the res4 

value which should he taken for ^r, if the geometrical pro- 
giesrion coincided perfectly with the fact ; smi it would he 

Indifl^rait whether we made it equal to ^ 

, as the two would he the same; hut this not 

being the case, there will he a preference ; and generally, if 
not always, ^ should he taken an intermediate value between 
two ; and when the term is not very long, it will answer 
a good purpose to take it about the middle between them, 
inclining generally, though perhaps not always, rather 
nearer the last than the first, as the first terms are generally 
of more consequence than the last. If the said assurance be 
not deferred, and instead of being paid for immediately, he 
ta he paid for by equal periodic payments, at an unite o£ 
time from each other, up to the time m — i inclusive, and the 
first payment be to he made immediately, then will the 

r 

{present value of such periodic payment be ^d 
consequently each payment, from what is shown above, is 

r r 

equal to i = { i — ir). r. From whence 

we may draw an inference worthy of remark, namely ; whm 
an assurance of joint lives is meant to (x>mmence immedi- 
ately, and to continue for a term of t years, which is not 
laige^ and to he paid for by t aiuiual paymeiUs, that those 
juiyments will not differ much with the increase of the time 
provided, as I have said, that t he not iaige, aM the ag^ 



expressive ^ the law of human mortality y &c, 581 

be iiot at die extremes of Bfe, a consequence which fdlows 
fitmi die i^ar agreement to a gaometrical progressiwi which 
takes place in the number cf living at each small equal in- 
crement of time ; that is to say, from the near cmndd^t^ 

r a, he, See, .• \+i:atb,c,Sec. •, 

of the smaE vanahon of «■ 

for die different values of f r and also, that when the number 
of years for which an assurance ointinues be not very long, 
and the ages be not at the extremes of life, the annual pre- 
miums will not differ widely from the premiums to be paid 
for an assurance of one year of a life older than the propc^ad 
life by about half the term : thus, according to the North- 
ampton table,' at three per cent, to assure 100/. at the 


Age . , , . 

F<»r 7 years, the annual 1 

1 

*5 

1 

to 

30 

40 

SO 

60 

64 

premium by the com- 
mon modes ^calculation J 
And the premium for one ; 

[ 

1 


u 9.. 5 

1..14..11 

4.. 1 

L.4.. 6 

3.. o« 8 

4.. 7.. 1 

5.. 4..10 

year assurance for an ag^ 

3 years older . . . J 

[ 

I..3.. 3 

I.. 9.. 8 

0 


3.. I.. 0 

4- 7 - « 

1 

S 5- 6 


the difference of which is very small. — ^As another example, let 


Age . ... 

10 

20 

30 

'40 

SO 

60 

For 10 years, the annual "j 
pmmumwilthe,byc0m- i 
mon modes d’eak^tion J 






4..12.. 6 

C0..19.. 2 

i.,9,. I 

8 

2.. 5.. 8 

3 *- 3 - 4 

Premium for one year as- ? 
sunmee, age $ yean older j 

o..i7..it 

i.ao.. 7 

I.. 16.. 4 

2.. 6.. 8 | 

3.. 5.. 1 

4..15.. 2 


Here, excej^ at the age 10, the excess is rather more in the 
approximadon than in the first set of examines ; but it sfenild 
be recollected, that we took the exact middle, instead of 
indBning to the early age. 









of At Im of human mortabty, &c. 

Pyyinpltt To find Ac annual premium to mure a ** 
Ae a^ a yMTs, fiw to y^> *° Ae CaflSle 


£83 


a =: 

ao 

30 

40 

5P 

60 

70 

Log.<tf the aco(SBiiw(fau 1 
dunce lor > 

attheagea— i,Tab.V. J 

1*5690 

1.9556 

f.940^ 

1.93** 

1.843s 

7.7005 

?.«7i6 

1.8716 

7.8716 

7.8716 

7.8716 

7,8716 

Sum . . . s 

1,8406 

7.8x73 

7.8122 

7.8044 

7.7151 

7.5721 

’*Corresp<m^ng . . . 
To tius we get frmuT^L 

U-i 

LXiJC— . . . . =: 

•9*443 

3* 

.90407 

36a 

to 

.89892 

103 

10 

•«9379 

»5 

21 

.84846 

248 

5 

.78092 

94 

5 

•9*474 

•90779 

.90005 

• 89605 

.85099 

.78191 

Ti»«fo«,x4^T.vn.) 

7,9668a 

7,95400 

7.9377* 

7.91830 

7.81893 

7.59873 

‘xi^5-*^ 

1,87163 

7.87163 

7.87163 

7. 87163 

7.87163 

7.87163 

Sum s: the log. . . . 

1,8384s 

7,8x563 

7.80935 

1.78993 

1.6fOs6 

7.47056 

The N* corresponding = 

.68937 

.6^3* 

.64469 

.61650 

.49041 

.29536 

Its complement to unity 
The log. of the last . s 

.31063 

.33068 

•35531 

.38350 

.50959 

.70464 

i,49az4 

7,51941 

7.55061 

1.58377 

7.70722 

7.84797 

Complement of XiJ ^*=: 

: T^o85a6 

7,093x1 

7.09995 

7.1039s 

7.14901 

1.21809 

L 

: 1.99694 

7.99571 

7.99481 

7.9940a 

1.9875^ 

7.97813 



X r"* 

: 1,9871^ 

7.987if 

> 7.98716 

7.98716 

1 7.98716 

; 7.98716 

Sum = logarithm . . * 

i,$6i6c 

*•59445 

} *.63*53 

1 2.6689c 

» i.83093 

1 7.0313s 

Number corresponding s 
i»03-> • • • = 

Ann. premium for an 1 ^ 

: .03644 

.O39I; 

[ .03931 

1-^.02913 

[ .04*91 

1 —.02913 

.04666 

[—.02913 

» .06775 

1— .02913 

1 .*0749 

(-.02913 

: .00733 

t .oioil 

1 .0137* 

1 .01753 

[ .03861 

.07836' 

assurance of if. • j 
Ditto for 100 f. . • - 

. ieo..i4»l 

\ 1.. 0.. 4 

[ i.. 7 - 1 

r I-I5~ ! 

1 3..1 .. 3 

7»t6.. 9, 


^fatlTpJSa «. JLo^, rtid, I time *m «« « F«». ?««•• 
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Errata m Mr. Gonqfiem'i Paper m Par* 11. ^ PtMeiqMeal T rm r aeH a at 
fir 1820. 


Pi^ Xlw . 

zzo 4.^ * jnf^ ' «+** — imes ** Mat »©» ddt *m* m ^ ^enom^tor. 


luzk^ 


tti %i tfbe second symbol should I 
zz$ 4 Jkfore * chance* nwerf * Taha^ of the.* 

a24 z and 5 in the sjmibol, bel«Hrelhe second a> tmert acomaitr— >!me 15, uuert*:* 
before o'— five lines from the bottom, for *c* piti*C 2 fnan 
the bottom, * proved * read * provided.* 
at6 13 in the ad and 3d ^rmbol , pmt *n*^ *m * — and in the 4^ put ' p*far*y* 
— in the first symbol in the bottom line, put * ft * for *m* ~ imd for the 

3d symbol , 

aay 6 for * will * read * will be’«* 4 sne 7, in symbol, write * • * for * •*, and for 
* r * wriVe « r* — line 14, pvt « * * in the lower angle in the right of the 

symbol, thus 

aa8 I, 3, 4, and 1 1 ,for ""j — where there is nothing in the lower angle, 
zap 9, under the first A put * h* for * a ’—line a from the bottmn, betweoi 
* : and * put *+*. 

a3i a from bottom, pv# a dash ow the seoond T. 


a3a la for *n* put *»*— Ime * Ms* put * ift*. 

*35 8 for * 9457 * pitf * 4597 ’• 

*36 7 /or * F’ p«t E 'line ii,yer • a&e* pvt * t*. 

340 8 in the second finmnla, for ‘r + i* pv/'r+a*. 

*43 >9 for * form * put * from *• 

344 1 1 far * y — x* read • ^ s* 

346 13 last ‘p’pwf * f*. 

347 ifi include the last • I, * with the exprfwskm erf line ly in • ( y* 
351 II ybr < K. * write * It 

355 14 and 15, for ‘ 4- * write * ' 
a|6 a fgr * L * wrUe * L\ 

358 4 firemt bottom,ilash over fibe 6 nt * K. *• 
a6o 7 from bottom, m/grt * be&te * tiie.* 



Cs»sl 

F«m ^ 

*0* I a * b^«e Hie last *•* — UMg,/hr* of* read * if*. 

96$ t 4 efe * or iaei *— line 4, for Hie last * L * «r^o * L.* 

96^ f3 agixr* anfy.* 

a74 5 /or * A* read * B * — ^Une 8, for Hie aeooiui ‘ a* ^ top and bottom wriie *b * 
— ^Une 10, for * A * write * B *. 

*77 1 and a, deUlxst ' ♦ * in * survives *. 

zSz 3 transpose the ' 3 * and * a ’—line 7, in denominator deh * »,* in numerator 
dele * I — .* 

389 I after * N st »* insert * 1 — /— line 3, after ‘ become * insert * — line 5, 

at Hie commwicemcnt insert * — — ^linc 8, after * b* insert * ^ 

390 i at the commenc^nent ins&rt • — f — line *, before * r * insert ‘ — ,* — line 3, 

L . 

to prefix ‘4.* instead of « — • ,* — line 6, for * with ' put 'without* 

% 

— ^line 3 from bottom, in symbol^ for * o * write * 80 *— 4ine z from 
bottom, for ‘ n * pa# ' « *. 

391 I and 3 from bottom, dele above * N.* 

394 5 mter# ■ t * before the semicolon. 




PRESENTS 


»l«KTXD1iT T9* 

ROYAL SOCIETY, 
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ACADEMIC et SOCIETATES. 
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ROYAL INSTITUTION.— A Journal of Science, Lite- 
rature and the Arts, No. 33—37. 8® Loi^m. 

SOCIETY FOR THE ENCOURAGEMENT OF ARTS, 
MANUFACTURES AND COMMERCE.— Transac- 
tions of the Society instituted at London for the En- 
couragement of Arts, Manufactures, and Ccunmcrce, 
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LINNEAN SOCIETY. — ^The Transactions of the Linnean 
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The Royal Academy of Sci- 
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Venetian Institute. 


M. An^die. 

Sir James IbcrOi^s^ and 
m #. PcaiiiElm. 


John Gdmge ChiMp^ and 
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dePime. 



r&s«iiiTs. 


at Oxia^ 

Mfty 1825* by wad under ^ Bm^am p( ‘idm Jter* 
Abram KotMaWiU 1 )*D. Sav'. Fro^. Astron. 1 ^. fol. 

!rbel!lai2tkal Mmmitc mA Aststmmimi 

Siemens ht tbe year 1827. 8^ London, 1814. 
AVi^SA|]^0 iLe cfcii^ for 

FA^bit^ des €or|» pour le Calorique et sur ie$ Aap* 
ports d^AiBEbite qm ea r^sultei^^sltre.^eiix;. 4** 

From tbe M^ucdrs of tbe Royal Acadony cf Samces 
of Turin, VoL XXVIII* «BA 1 C 3 aX. 


(Cav, axaheo) Ntmne Consirfaweaox^wille 

Affinka de* C^qpi nd Cid^eo eedc^ate^ier mezzo de* 
loro Calori specif c dc* loro potm .refriqgend^al|« 
stam Gazoso. (inserite nel Tomo XUC. degli A^ 
Socktl Italiana delle Scienze mmdxite ialdodei^' 4* 
Modena, 1822. 

BERRUTl fsECuiTBUs roAVXia zaaftM) 

Oculi Globo— JDe Visu— Dc Meta$c}ieniateio*-|^ 
£pis|nistid$ — ^De Inflanunationibus, 8^ Anguda Tami- 
norm, 1825. 

BESSEL (r. w.) Astrotumiiscbe Beobscbtungen auf dsr 
Koidgliciien Universitats-Stemwarm in RoiqgslMsx^- 
Neunte Abtbeilung vom 1 Jantmr. bis 31 Decern. 2823. 
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BOLLES (wiuiAV) V, TaiooiroifZTza. 

A Description and praetacd Ap^* 

cation of BoUes’s Tiigonometer. ta^ 1824. 

BOWDrrCH (KATHAfTiEL) Modem Astr oa w ny , ton the 
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i8«, 
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occurr^ during late years in British India. 8^ Edm~ 
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HOMO If. 

murnhuMDiJUKL. 

pte.<:emdil8sbshrs ^ the 
Board 

iCbrir.Aho^diro. 


Dr. Bmiri. 


Prtdbsof ISesseL 


Itfr. Wmiam BoUes. 
Mr.N.^iowilitdi. 


Air. Thomas Rfown. 


Dr. J. ii. Gantei. 


The American PhUosophi* 
sod^Bocs^. 


ijbhiiRMesJ£8q.affQaiit«n. 
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r&i4IMTt. 

CJPNBSOI. A X)tctb|i»;, Oilsese 

- Dictoaiyi jjsempHed ljgrw&r «f ^ ’Smp&m 

Kang Hee> in 3a (snnUI {»^)» Kjmg 

H« Tsze Teeiu 

— T^cm Ts2c H«n^« DictkHuny of ^ Vimamg 
Handdiffi^t^r; ' 

Kh Md l^^ts and l>e$criptk»}s lai tht 

Hundred illustiicnis f emaies. 

— — Fa Tee, Kuks for forming the Chmeie 
tar in the best manner. 

Dr. Morrison’s Translatton of riic Nor Testa- 
ment into Chinese, 8 volume i^bige paper.) 
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the Archbishops and the Right Rer. mf the 

United Church of Ei^land tmd Ireland, respecting rihe 
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in every parish Church in His Majesty’s Dominions, 
with a few Thongs concerning Ac reshknceof the 
Clergy, % a Ciurdsmam. 8* Lotaibn, 1825. 

CLARKE (geougs, Et;.) Essay on riie Cause of the Mag- 
netism of Ae Neaile, wiA me tmon of its bring Norm 
and SouA, and its variation ; also other Wesl^tions 
arising the same source, i^roposed for Invesri^* 

' tion. 8® SoiUhwarkf 1815. 
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8® Lmdmt 1823. 
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FRANKLIN (joair, C^. JL Narrative of a Journey 
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and maps. 4® Irndtnti 1823. 

GAY LUSSAC (At) Instructions for the use of theCcaam* 
simal Akohometer (Alco(»nrire centdsimal), and the 
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Professor Moll. 


Henry Earle, Esq. 
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^PKIttlTTS. 
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trine m Slgiwr Chan^ilioiiMliiore ad aknnl Monn- 
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OOIDINGHAM {johv) Re|iort ^the Lei^gft& of Ac 
Pendulum at tli^ %uaeor, by John iG(Aiingbam* £sq. 
from Ex{>mmenta Obser^om made on an Expe- 
dition Etted out under his direction from Ae Observa- 
tory at Madras^ by order of the MaAas Goremment, in 
the year 1 8ai 5 together mA a deduetkm of the Figure 
of the Earthy by t^mlnnmg the lE^oamry Madras, and 
Xx}ndon Experiments ; dso the Oeogi^hical situation 
of diderent places seen on the Exp^tron, wiA Plates 
and Views, fol. no piace or daUth^priniod at Madrat 
in 1824. 

• Results of Meteorological Ob- 

servations taken at the Madras Obsoratory under Ae 
supermtendence of John Goldinaham. Esq. MS. fol. 

Read to the Society id^k march, 1825. 

GMELIiV (c. G.) M. n. Versuche uh«r die Wirkungen d^ 
Banrts, Strontians, Chroms, Molyhdans, Wolframs, 
Tellurs, Titans, Osiniums, Platins, Indiums, Rho- 
diums, Palladiums, Nickels, Kobalts, Urans, Oertums, 
Eisens, und Mangans auf den thierischen Chrganismus. 
8'^ TiUmgen, 1824. 

GUINAND. Some Account of the late M. Guinand, and 
of Ae discovery made by him in the Jdamdacture of 
Flint Glass for large Telescopes. 8® Imdm, 1825. 

HALL (Sir jaues, Bart.) On the Consolidation of the 
Strata of the Earth (firom Ae Transactions of Ae Royal 
Society of Edinburgh). Edmburgh, 1825. 

HERSCHEL fi. j. w.) On the Absorption of Light by 
Coloured Media, and on Ae Colours of Ae prismatic 
spectrum exhibited by dertain Flanks, wiA an account 
of a ready Mode determining the absolute dispersive 
power of any medium by tUrect Ex^iiment — (from 
the Transactions of the Royal Society of Edinburgh) 40 
Edinburgh, 1823. 

HILLARY (Sir william. Barf.) An Appeal to Ac British 
Nation on the Humanity and Policy of forming a Nati- 
onal Institution, for Ae preservation of Lives and Pro- 
perty from Shipwreck. ^ London, 1823. 

A Plan for Ae Construc- 
tion of a Steam Life Boat, dso for the Extinguishment 
of Fire at Sea, 8tc, 8* London, 1824. 

HOLMAN (jAMEs) Travels throurfi Russia, Siberia, 
Poland, Austria, Saxony, Prussia, Hanover, Sec. under- 
taken during Ae years 1822, 18*3, and 1824, while 
suffering frmn total blindness, 2 vols. 8® London, 1825, 

H<^AC ( DAVID) M. D. Essap on various subjects of 
Medical Science, 2 vols. 8^ New York, 1824* 
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Sir James Hall, Bart. 

John Frederick WilUam 
Herschcl, Esq, 
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James Holman, Esq. , 
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msssirm 


tmd Tedmisdien Chixmc^l^ Sitin' llliii^ 
iSac, 

jOMA^. Coup rapiik siir les pn^^ «t 
actodi 4es Mwmtes 4$m de rA^Hqoe 

^xtn^4ek£«friie!Eiic3rclqpldi^^ T^ 4 m) 


l>ril des Ndrs, tm Niger, aireclel^^^g3^te»iM^mst 
des Kemarques stir k haiiti!ig^% 4 »Bipa^ ^ d« Hen 
od a pm ie Docteur Oudn^dbaa^tSA A I’wttst 

du Royaume de Bcmioti l^AcJUl^tdeikBfide'^ 

SdeiK^, ie i8 Anil, 1825} 

KAEMTZ (LiTiK)vicirs l^itSiepMo 

MatKematico'Physica de Le|^us Repul^ntim ]^c> 
tricsnaa HldiemtHds, 8° 

KIDD (johk) m. d. Anlntrotyg^l^Jtticel^WGodtte 
of Comparatiye Anatomy, iUostnldyeef lMy^l 9 dlt£hd 
Theology, 8*^ O^ord, 1824. 

KIRCKH^^ (1. m. s.) vm, ^OeictddddEi^ 4 dr 

Koninklykc Akademie van Btme^ Kdhtten Ht An- 
twopen, tweede Uitgane, 8° W« Akm6rpen,'i%^, 

J.AGERHJELM |p.), j.h. g. s-ICAtL- 

STENIUS, HydrauUska Fdram^ SfMallda T^lu 

Grufva Aren i8ii>i8ie, 2 vols. 8® Stockholm, 1818, 

LAPLACE (Moffm dt) Trah^ ^ Itf^iaBiqne tMm, 
Lirre xiv. 4® Jniflet 1824. 

" ' I^rre )Pv. Dwjattllft, 1824. 

LINK (nmik. pmin.) Eltmenta PhSosii^pil!^ 8® 

BeroUm, 1824. 

LOCKER (edwabd hawke, Esg.) Views hi Spa^ 
Sk^^es fBadie in a tour throi^hdiKit King^mk^i 5. 
No. 11 and 12. London 1814. 

LYALL (noBEKT) v. n. An to ^fa i emito fft 

on the Character of the Rifttl8h»> «iid^a#dta 3 ed Hh* 
tory of Moscow, contained 4 k 
^(^uarto'ly Revkw, 8® London, 

MACMICHAEL (wxeliam) m. n. A Brief Sketch on the 
progress of Opinion n^n Ihe iSnWect Contagion, 

~ with somt remarks on ^ariiXtlBe, ^ London 1825. 

MAGENDIE (f.) Precis Elementaire de I^aiol^t, 
tome 1. 8® d Paw, 1.825. 

MANTILL (oioeob) The Fossils of the S<mdi Downs, 
or Illustrations of the Geology of BuSi^x; the e^^> 
ings executed hy Mrs. Manl^ frmn drawmgs % dbe 
author. jjj^Lormbn 1822. 

MAPS. The Trigonometrical Survey of Great 'Bldhdn, 
sheets, 64, 65, 69, 70, 83, 84, 8f , and 86. 


METEORCH^OGY Gox.niwo0AM)» hfetsMok^al 
Table extractdl from the Register kipr ^ Wkrnmat 
Castle, N, B. in the year 1824. 


oosrona. 

- - 


i^. 1.^. Kaeitih!. 

Dr. Jdhn 

Chev^kr lOtckhoff. 

is. Ldgeil^au 

MSriims de Laplace. 

Dr. ffenry Predetkk Link. 
Edw. Ifewtc Locker, Esq. 

Ih-. Robert Lyatl. 

Dr. Wiilkm Mbcmkhael. 

«f. F.Mbgididie. 

Gideon Maa^, Esq. 

Maior ThoiaiBsi0Edhy. 
li^rdGlbyt 
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VEESEVTS. 

U&mmf ftem 

luEe iS24> to April i8ec, itid Appio^^ to vol. io4» 
t, twt^. tti± wA mp^ 

MCmEAU (cesee) Sm« of tlM^Trsiae of Great Bdtaitt 
wltiri#|«rtr dP tl» Wor£^ t 

mounted on csmvass. 

MOItltlSON fm.) o. o. A Dkiiomu^'of the€^iib»m Ecm 
|[iiage» m mree Parts. Part tbe ist, contamiag Chinese 
and Bi^^sh, arranged aooor^lt:^ to ^ JLsiikah,-^ 
Part ad, Qdnese aim Engfi^ arraii^ed |dptha}}edca03r ; 
and fhrl^}, Bng^ and Ddnet^irdl^ m, Pidt r, and 
Part 5. 4« LmAmp fiaa and s^|. 

MORTEMART-BOiSSE (le fionw de> Redierdms anr 
les d£ 9 «re&tes Rac^ de Betas a hs&az de la Ghrande 
Bfetagn e ^ et partlcafij^remrait, sar la nomrelfe Race dn 
Lmcestersliire. ^ d Pms, 11^4. 

Notice sur k Troupe dc Moutons Anglais 

import^ en 177E, par Fran^ Be^orte, ct tar PEta- 
blissement forme jmr ses sam9iL^3eAoga^sar-Mar^ ^ 
Fwrit, 1814. 

PARRY (csEEEEs) Coliecdmis irom die luopablfsiied 
Medical Writings of die latcCsSeb PffiHer Parry, BCU. 

PHILOSOPHICAL Magazme and JoamaL 8® No. 315 i» 
jay, Imdm, 

POISSQN (M,) Mdmoire stir la Tlkorie dn Mag^^dsme 
(Lu I PAci^bSi^Rc^e des Sdkmoes lea Peb: 1824). 4* 

POPE (cHAEEEs). A liecture on the origin, progress, and 
present state of Shipping, Narigatioit, and Commerce. 
8° Londm, 1825. 

REN^SLABR (tav). A Geologic^ ami ^;ricaltufal 
Surrey of the (tistrict adjoiniitg the Erie Craal, in the 
State of New York, taken uimer die Erection of die 
honourable Stephen Van Rensselao'. Part 1, containing 
a descripdon of the Rock formation, togetiber with a 
geol(^[i^ proffle extending fibni die Atlantic to Lake 
Erie. 8® Albany t 1824. 

RIVERA (CAEio AFAE oe) Ccpuferaziom sul progetto 
di proscingare il Lago Fucino e di congiugnere il 
Mar Tirtmio idl’Adriatico per n»zzo di on canale di 
narigazione. 4^ Napoli, 1823. 

ROLANDO {Fm, u) Osservazioni sul CerrcUetto. (Me- 
morie della Reide Aecadenua deile Scienze di Torino, 
tomoxxix). 4* 

■ Recerche Anatomichc suUa Struttura del 

Mhkdio Bpinide. (Art. tratto M IHzioaario PeriodicQ 
di Medkina.) 8^ Tarim, 1824. 

• — R«h«rctH» Anatmniqnes pir la MoeRc 

AUongee. (Memorie delkR^e Acoukmia deile Scienze 
^ Torino), tom xxix. 

SCHIIlRRT(rBsnsExc theodoeb)* TnutI d*Astfonoisle 
Th^rique, Spher»|ue, Rariond^ Fl^lqo^ 5 Ttds. 4° 
St. Petersburg, 1822. 


nOEOES. 

<kof|^ Esq. 

hi. Oms^ Moitm, Tict- 
Consul' of Prai^ 

The Cburt of Dito^s of 
tibe Htmble. East &dia 
Company^ 


%rmi de Mbnetiiart>Bcis$e. 


Dr. Charles Parry. 
Richard PhilRps^ Esq. 
M. Poisson. 

Charles Pope, Esq. 

M. Van Rmsselaer. 


Cher. Carlo Alindie Ritera. 


Professor Rokndo. 


Hie Li^eda} Acsutoy of 
Sciences at St, Potwsrteg. 



f&isxirTS. 


SCHUMAC^^R (a. c*) Astroaomls^ Mst 

— — ' ^ > S tonluftg von Hii^ta^ Ew^tes 

Hd^. 8* Copemke^^ 1^2^ 

• journal 


ascertdamg tl»s time of tibe pla<x> in tbe Obsemtohr 
wbidi was erected at Hdguaod for tiute purpose^ 4° 
1825, 

- Astronomtscbe Naduridtt^ K* 


SCX>AT 16 A^A (fBANCEsco obaeio). MemoriaEpt- 
stolare per sendre di Schiarimei^ aUa ddcnzione tU oa 
p^ce petr^cato scavato in al^simo nella Tidnanze di 
Bolca. 8® »i Padova, 1807. 

De Singtilari Icbdiyoli^ Epistoli^ 

ad virum Clirissimum Co. Amaldum Amaldi i, Tor- 
nieri 8*Petetei>i8i7. 

SchWhneati rekttrameiite a quanto 


Ai scritto sino qui sopra rittloUto esistente nella pub* 
lica Biblioteca Bartoliana di Yk^iza. 8* Padova, 1824. 

. Descrizione di on Pesce pietrificato di 


sinjolare jrandezza e spezie esistente in Vicenza jnesso 
H R. L Vnario allc b^kre. 12® Vuxma, 

SMITH {Sir jahes kdwaed). Compendium FWw Bri- 
tannicae, Editio 4. iz* Londm, 1825. 

SODA (nioirxoxo). La Verita Retdficatrice ritrovata. 8° 
FTqpdi, 18x6. 

La Geometeia Piana Rivendicatrice, 8® 


Nafdi, 1822.' 

STANHOPE (J0H» SEEKCEB, Esq,) Olympia* or Topo- 
graphy illustrative of die actual state or the Plain of 
Olympia* and of the Ruins of the City of Elis* folio* 
London, 1824. 

STEVENSON (bobeet) An Account of the Bell Rock 
Light-House, including the details of the Erection and 
peculiar Structure of tW Edifice; to which is prefixed 
a Historical View of the Institution, and Progress of 
die Nordiem Light Houses. 4® Edinburgh, 1824. 

TERIANO (geoeoio) Delle Variaziom deP Umano 
Organismo nel corso suo di Vita, Parte I. with a Latin 
MS. translation. 


THOMSON (thomas) m. d. An Attempt to establish 
tlw first pnnciples of Chemistry by Experiment, 2 vols. 

London, 1825. 

THUNE (ERASMUS GEORGIUS fog) Tcntamen circa 
Trigonoroctriam Sphsroidicam. 4° Hauniet, 1815. 

TRIGONOMETER {vide Bolees) A brass Trigonometer, 
the twam 1 foot long, and sonicircles 4| inches 
duuneter. 


WATT (jAMEs) Proceedings of the Public Meeting held 
at Freemasons’ Hall, on the 1 8th June 1 824, for erecting 
a Monument to the late James Watt. 8® London, 1824. 


noiroEs. 

ProfessorH.C.$<^uinacher. 


(%*'.) Fran* Orazm Scorti- 
g^aa. 


Sir James Edward Smith. 
Sig. Dionigfo Soda. 


JohnSpencer Stanhope* Esq. 

The Commissioners of the 
Northern Light-Houses. 

Dr. Georgio Teriano, 

Dr. Thomas Thomom. 

M. Eras. Geor. F. Thunc. 
Mr. William Bolles. 

'ChM’les H. Tamer, Esq, 



P&liSHTS. 


BOllOKt* 


WEEKBBUEGItlS (i. w. cmm*) Cnnramm digued nttper 

Jtm», 1824. 

WSSTON ^ev* utmtsxm) EogHskmaa abroad: 
Part I. ureece, Laduiii, Arabia^ l^ia, ^bdostaa, 
and Quaa^ with specisaens of tbe language of ibose 
Omntnes* and two plates. Part a. Russia, Germany, 
Italy, France, Spain, smd Portugal, with ^ecimens, aM 
ab^andt^^ce. 8^ Louden, 1824. 

WHEWELL (william) m. a. An Elementary Treatise 
on Mecbanlcs, desimi^ ibr file use of Students in die 
Unbrerdty, adi^tHm. ^ ComM^ge,’iBa4, 

, — - A Treatise on Dyn^cs, contuning 
a considerable collection of Medical Proldems. 8*^ 
Camkridge, i8a$. 

WIGGINS (jroBU) Smith of lit^md. — ^lEnts to Insb 
lAuidlords on the bmt means of obtaining and increasing 
dtdr rents, impromg th«r estates, and bettering tbe 
condition of me |wple, 1^ a Li^-agent, with an 
Appendix ezempl%mg the measures reemnmemfed. 8* 
London, 1824. 

WILSON (william bax) Travels in Eg^t and tbe Holy 
X^ami, ad edition, with a Journey tb^g^ Turkey, 
C^eece, tbe Ionian Ides, Stdly, Spain, &c. S^Xoadoff, 



M. J. C. F. Wemebarg. 
Rerd. Step!^ Westmi. 


WmiarnWhcwclUEsq. ' 


John Wi^ns, Esq. 


William Rae Wilson, Esq. 


Thomas Bdl, 

J, G. Childrra, 
James Carte Sowerby, 
G. B. Sowerby, 
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INDEX 


TO TMS 

PHILOSOPHICAL TRANSACTIONS 

FOR THE YEAR 1825. 


A 

A^$Uneni$ ct a traiisit i»siraiEie&t, errors in, how compiited from 
Nervation, 420 — ^how to proceed in performings 428. 
mole cricket, 2(^ ei $eq. 

Angles made bj the edges of crystals, general method <4* deter- 
mining, 125. 

Araoo, M. repetition of his magnetic experiments, 467. 

B 

Babbage, C. Esq. F. R. 8., bis account of the repetition of 
M. Abago's experiments on the ms^netisa manifested by 
various substances daring rotation, 467. 

Bandaging^ art of, among the ancient Egyptians, 272. 

Barlow, r. Esq. F. R. on the temporary magnetic effect pro» 
duced in iron by^rotation, 117. 

BAxmR, F. Esq. F.K.S. bis micn^copical observations and drawings 
of the nerves in the placenta, Plates II. III. IV. — of the different 
states of the tadpole in ovo, Plates V. VI. VII.— of the frozen 
brain, and molecule of the egg, PL XX VII. 

Bssbrl, Prof, bis method of determining the quantity of flexure in 
astronomical Instruments, 151. 

Brain, Sir E. Hoifs on the materials of, 436— microscopic draw- 
ings of, PL XXVU. 

Bfine contidns little or no air, 836 — its effect in corrosion of 
immersed metals, id. 



INBEX. 


C 

Cmmkihauey fluid from compreBsed oil gas an exoeilmit solvmit 
d*, 

Carbmy Mr. Faraday's aecouiH; of new oompaands of, and hydro- 
gen, 440. 

— , meUdloidal, its magnetism, 475, 

tk^bomteSy ^u^by, deposit s^ water mi overprotectml cop- 
per, 380, WB. 

Chrishs, S. H. Esq. M. A. on the effects d temperatore im the 
inteimily d magnetic flirces, and on the diurni^ YanMkm of 
terrestrial magnetic intensity, 1. 

- , on the magndism of bon arising from its rolatimi, 

847-417. 

, on the magnetism developed in copper and other 

substances during rotation, 497. 

CoUimatoTy flocUing, Capt Kater’s description of one, 147 — 
experiments with various forms of, 156-1^ — manner of nstng, 
170 — twfticdf, description of, 171. 

Cof^ngencies, Ld/e, new mode d determining their present value, 
618. 

Copper sheatkmg of Mps, mechanical wear of in passing through 
the sea, 882. 

'' preservation of by iron and other metals, ^8. 

, magnetism of, manifested in rotatimi, 407, 470, 497, &c. 

CotUm, old, bow distinguishable from linen, 274. 

CaooNiAK Lecture, on the existence of nerves in the placenta, 66. 

Crickety mole. See Grglhialpa. 

CrggtaUy Mr. Whew ell’s general theory d the calculation d their 
angles, and the laws of decrement of their planes, 87-130. 

CrystaUograpkgy application of nsathematical analysis to the reso- 
futiOB d its principal problems, 89 — ^general notation for ex- 
pressing all possible faces and laws of decrement, 90— corres- 
pmidence d this negation with Hauys, 98 — theory of the 
rhomboid, tetrahedron, &c. and their derivatives. Rhom- 
bmdy &c. 

D 

Davy, Sir H. Bait. P. R. S., his fnrtbmr researches on the preserva- 
tion of metals by electro-cbemical means, ^8. 

optical. Dr. Eogey's explanation d a curious one^ 181. 
due to rotation d a magnetb needle, what, 8£^-^aws 
d, m9y ^1. 





l^ih 0 dral anffk between two plmies of crystals, general ^Hrmnla 
&ir fading, 04-*applied to tbe rhomboid and dematiTos, 9^. 

Xh^€Jtedron, Rbothbic, in ci^rstallography, theory of Its ikio& 

lilO. 

B 

and thaw^. Re(n%sentation of the mdecnle of, Plate 

^ssB, of Irelmid, Mr. WsAvsa on the, 439, 

EnAaimmgi art of, among the Egyptians, 3d9 — ingredimits nsed 
in, 806 — mode of performing, 80k 

EqwiUbnutn of a ma^etic ne^le under the joint influence of the 
earth and a magnet, general equations of, 6. 

Expansion of the lateral braces a transit, remarkable e^Bsct 
of, 42fr. 

F 

Faces, secondary, in crystallography, theory of their arrangement, 

Faraday, M. Esq. F. R. S., on new componnds of carbon and 
hydrogen, and on tbe products of the decomposition ci oil by 
heat, 440-— 466. 

Formula, general, for the dihedral angle between any two planes 
whose equations are given, 94. 

— for the plane angle between any two straight lines whose 

eqn^lons are ^ven, 125. 

G 

Oanglums, (heir supposed influence in prodncing animal heat, 
257 — of the skate and electrical eel, 266. 

Gauss, Prof, his method of measuring the angular distance cS tbe 
wires in a transit, 154. 

Gompsrtz, Benj. Esq. F. H. S., on the law of hnman mortidity, and 
m li^ eontingencies, 513. 

Granville, A. B., M. D. F. E. S., on Egyptian mummies, and on 
the art of embalming among the ancients, 269. 316. 

O^Uotolpa, cft mole cricket. Dr. Kidd on its aiadomy, ^38-^ 
K<»el*s account of the insect, and its habits, 204 — its extermd 
characters, ^7— d^stive organs, 222— blo^, 2^— ^-mgans of 
respiration, 231 — muscles, ^—nerves, 238-^emale sejmal 
organs^ 240 — >male, 241— mode ci castii^ Its skm, 2^— organ 
of sound, 244 --dimensions 245. 





H 

C« Bsq. Ills aiHscmt ^ ^bb #ilrllml^ €i Ibe mrvm 
conipec^ wlUi t}i6 orgcuis of geomitioiib TO--^ in 

bsh^fWlt* 

Hmt^ a/amaif snpposed inflaence bi nerves and ganglia In pro* 
dnoingt 257*~<^ the hunmn uterns, S^2 — its inmease and dimi* 
nntlQi^ ncft 4epend^t on the action tsi the arteries, 26#. 

— ^ r&diami^ from terrestriai sources, Mr. Powaix’s m^peraients 

on^ $ 0 q , — dlstingmsbed into two porrions, hairing difimot 

chaiacters, 200. 

Hsbschel, J. F. W, Esq. F. R. S., account of tim reperition of 
M. 4aAao*s experiments on magnetism, 467. 

Homb, Sir E. Bart V, P. R. S. on the existence of nerv^ in the 
pk^nta, S6. 

on the induence of nerves and ganglia in pro- 
ducing animal heat^i 257-268. 

■■.■■■- ■ II. I I* - cm microscopical observations on the materials 

of the brain and ova, and the analogy between them, 466. 

: r— — on the changes in the ovum of the frog during 

the formatimi of the tadpole, 81. 

Moms of deer supplied wirii nerves, 67 — ^their temperature, 259 — 
of kssil elk found in peat mosses in Ireland anil the Isle of Man. 
See Elk, 

Hydroaen and carbon, new compounds c^, described, 140. See 
Carhon — bicarburet of, 443 — ^new carburet of, having the same 
propmtion of its elements as olefiant gas, 452. 

I 

Iguonodon, Mr. Mantbll's acxmunt of its fossil remains, 179 — 
Baron Cuviee’s observations on its teeth, 181. 

Imagina^on of the mother, its influence on the child instanced, 75, 
76, 77, 78. 

Intensdy of magnetism in a magnet increased by cold, 62--Hlimi- 
Dtshes mpidly by an increase of temperature firt^ 8(f F. upwards, 
6B — parrially destroyed by a temperature above 10(f F. ib.— in 
soft iron ineeai^ with an increase of temiperature, ib. 

/ron, its effect in protecting copper fimm acuon of sea wate, 

346 — magneric pheeuomena aepending on its roktbn, 117. 847. 

soft, its effect in intercepting rotidc^magn^km, 470. 

J 

JoHNTOK, J. R, M. D. F. R. S , his furthe okmms^&ms on 
planariss, 247-255. 



mBmm 

K 

H.) F. E.S., his descrlptian a doatiog co1liiiialc»', 

m.m. 

Kidd, J., M. B. F. R. S., on the lutatomy of the mole ciieket, 

L 

cmiki^feneies, Mr* GoicPsaTZ on a new mode of detimninlng 
thetf vaioe, 5 IS. 

Idghi, a^Scial, measured by Dr. Rxtchib^s photometer^ 144. 

M 

Magnetic effecty temporary, induced in iron by rotation, 1 17 — 
canse of, ^S^law of, S^. 

, permanent, arising from rotation, 847 — general 

description of its pbsenomena, 334 — experiments to obtain mea- 
sures of, 858 — mathematical theory of, 898 — compared with 
e:^erfmeut, 899 — degree of its permanence, 405 — comparative 
eti^s of slow and rapid rotation, 4l8. 

— needh, general equadons for the equilibrium of, 6. 

■ susceptibilities, means of magnifying small ones, 482 — 

distinguished from retentive powers, 

Magne^m, earth’s, of the induced kind, 826 — perhatw induced by 
the siin, 411— ^how it may be conveniently neutralized in mag- 
netic experiments, 476. 

, effects of temperature on its intensity, 1. See/n^en^y. 

— of soft iron increased by increase of temperature, 63 — of a 
magnet diminished, 68. 

of various substances manifested during rotation, Messrs. 

Babbage and Hbrschel on, 467-496 — means of measuring its 
intensity, 472-475 — effect of solution of continuity in metals, 481 
—of solders in re-establishing it, 482 — attempt to explain these 
|duenomena, 4^. 

. Mr, Christie on the same subject, ^7 — experiments 

with mrious combinations of copper discs and m^nets, 497-499 

- — to determine the variation m rotatory force wiw the distance, 
502. 507 — With the weights of die discs used, 508, 9. 

jll<x», is!e <4*, remains of the Irish elk discovered in, 4^. 

Marl, incumbent on peat, remains of the fossil elk occuirtug in, 481 
— list of fossil shells in, ib. 

Jkridktn mark, the tdeseope of a collimabir used for that pmrpe^, 
178— first applied by Mr* Rittenhousb fo. 



mwsx. 

0. 1^. F. L. S. M. 0« S., 1^ aotice on tiie Iguanocbo, 

■ :> . 

l^eir pi^rratk»i by electroocbemkal meatus, 
netie manifesMl by the diieiei^, ^nag Ike. 

Moh cneket. See Gr^Uotalpa* 

Mt^Uiy, homan, Mr. Gbupsarz on the law 518. 

Dr. Granville’s account mdL dissection a femide 
one, 2^^~dimeitS!Oiis of, ^8 — dimenslcms of a male 
perfect preservation of its muscles and other pa^, SM. 

N 

NkefUe, dipping, experiments with, 888. 

NemeSy their existence in the placenta proved, 66«— ti»ir indoetme 
in pi^ttcii^ animal heat, 257. 

O 

OhierwU/ory at Caml^dge, account of the transit at, 418. 
Octahedron in crystallography, theory of its modidcations, 106. 

OUy products oidamed from, during its decomposition by heat, 440 
-^y com|H*essioo of oil gas, 441. 

— gaSy analysis of by solpbnric acid, 462. 

OpHcal cloceptian. Dr. Boost’s explanation of a curious one, 181. 
Oao, nmtenms of, compared witii UK>se of the brain, 486. 

Omm of the frog, its <maoges during tlm fermatlou of the tadpole, 

P 

Peat bogs, remains of the Irish elk found in, 481. 

Pkatomeiery Dr. Ritcuis’s account <^a new one, 141. 
macenia, the existence of nerves in, proved, 60^ 

PbamrkCy Dr. Jobnson’s observatimis cm, ^T-^-dbtmo additkmal 
heads hj incision, 247— Mr. Dalybll’s account of, 247, 8, 

Pond, J. &q. Astr. Royal, on tlm annual variations of some of the 
principal fixed stars, 510. 

Powell, the Revd. B., M. A. F.R. S., his expma^tal enqniry 
into imtiire d* radiant heat from terrestiw ^mrees, 187, 
Pre&ercaHm of metals by dectroH$hemical immns, WB. ^ v 
Pmmy quadrangukar, in crydisdlogfi^y, theory oi lls nsodifica* 
tions, 102. 

regular triangular, 119. 

d'zmc, ec^E^par, how modifii^ hyimpetfet^ 
communication, 884, 



mi?iEX. 

QNfo^^riilrtce^a ei mtv&i ex{Mnessiiigtb 0 appai^nl lb>i^ 

i^pokes a rm^lnmg wl^l^ seeo tlwQ^ v^tbs^ ap^ares, 
l^«*>tbelr geiiaml equaiioa, 180. 

R 

Radimt heat, terrestrial, Mr. Powell on, 187. 

Re0ile^ h>ssil, a new s^ies of described, 179. 

Rmna^ iU reteniipii of impressions applied to explain an optical 
decep^on, 185. 

Rhomooidy in cr^stallogra^y, theory of its modifications, 89. 

Ritchie, Revd. W., on a new photometer, with its applies, 
tion, 141. 146. 

Roget, P. M., M. D. F. R. S., his explanation of an optical decep- 
tion in the appearance of the spokes of a revolving wheel, &c. 

Rotation, its effec^in developing magnetic §fiect8. See iHa^nehmit. 

S 

Sandstone of Tilgate forest, fmisil rernmna of the Ignanodon found 
in, 179. 

Screens of glass, their effect in intercepting terrestrial heat, 187. 

Secondary faces of crystals, theory of their arrangement, 121. 

S^eUs, fossil, in peat marl in Ireland, list of, 482. 

Ships, protection of their copper by iron, 840 —instanced in the 
cases of the Sammarang, Elizabeth, Carnebrea Castle, Howe, 
and others, 342, 3. 

Solutions, alkaline, their effect in altering or subverting the electro- 
chemical relation between protected and protecting metals, . 

Stars, fixed, Mr. Pone on their annual variations, 510^ 

T 

Tables, Mr. Gompertz's, for computing life contingencies, 547. 

Tadpole, progress of its formation in ovo, 81, Plate XXVII. 

Temperature, its influence on the intensity of magnetic forces, 
Mr. Christie on, 1. 

Terrestrud magnetic intensity, its diurnal variation, Mr, Christie 
on, 1. 

Tetrahedron, in crystallography, theory of its modifications, 106. 

Tilgate forest See San&tone. . 

Trache<e of insects, their structure, 234 — of the mole cricket, w. — 
their supposed office, 235. 





Tjrmmi in^timeBt of the Camlnidge Observalc^, aceouiit of, 41^ 
--•Hr^wfe^ool^ftrliiloglTOiii titooKpattskm of ilg hmM^4^ 
of a soarco miatoadii^gi, 4^. 

V 

Uiermi high teinpenitare of daring labour, 268 . 

V 

Var^Ucn^ diurnal, of terre^rial magnetic iatem^, 1 — ^Haiwusn^s 
resuHis respecting, 60. 

^ — ofibe prmcipa! fixed stars, 510. 

of crocodiles and recent lacertm, how disUnguislmd fiotn 
those of Saurian reptiles, 185. 

W 
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HETBOftOUXilCAL JOtONAL 

for January, 1824. 


1824 

Time. 

Kuwoeter 

comctnL 

Thcam. 

wt&oat. 

DuMFalHfgm. 

8bc^ 

Therm. 

Bahi. 

Wo^ 

Wcfther. 

4 


0 


0 

0 


Indies 

Pmti. 

Str, 

h 17 

0 18 

1 19 

8 20 

9 « 

% 22 

8 »3 

1^ 24 

0 *5 

( 26 

S *7 

Jf 28 

29 

8 30 

ff 3 * 

9 0 

3 0 

9 0 

3 ® 

9 ® 

3 0 

8 30 

3 0 

9 0 

3 0 

9 0 

3 0 

9 0 

3 0 

9 0 

3 0 
9 

3 0 
9 0 

2 30 

9 ® 

3 0 
9 0 

3 0 

8 30 
3 0 

9 0 

3 

8 0" 

2 30 

30^534 

3 «>* 45 * 

30,427 

30,360 

3 o >339 

30,180 

30.126 
30,046 

29.719 

29.587 

29.279 

29,051 

28,8o2 

‘8.79? 

‘9.7,8 

‘9.85+ 

‘9.90+ 

30,016 

30,142 

30,112 

29,821 

29,721 

29.56} 

29.517 

29,820 

29,865 

30.127 
30,063 
30,025 

29.985 

29 

35 

37 

39 

39 

38 

4 ^ 

39 

44 

4 * 

45 

39 
44 
SO 
52 

SO 

SO 

47 

5 ^ 

40 

4 * 

37 
42 

35 

38 

39 
42 

784 

658 

853 

842 

909 

849 

756 

904 

805 

705 

781 

790 

738 

790 

850 

868 

792 

800 

849 

844 

763 

786 

758 

875 

711 

' —t — 

281 

35 

33 

P 

33 

42 

38 

41 

39 

44 

4* 

45 

43 

46 

36 

44 

4 * 

52 f 

49 

5 * 

43 

5 * i 
38 i: 

36 1 

42 ! 
32 : 
38 j 
35 1 
42 

0.232 

0.185 

W 

NW 

NW 

NNW 

NNW 

NW 

N 

W 

s 

w 

s 

w 

NW 

NW 

NW 

w 

w 

WbyS 

w 1 
w ! 
w i 

SbyWi 
S ’ 

w * 

W^N 

Sl^E 

S 

S 

I 

I 

I 

I 

I 

I 

1 

I 

1,2 

1 

I 

I 

1 

1 

1 

1 

I 

1 

1 

1,2 

1,2 

I 

1 

1 

I 

I 

I 

1 

1 

Sazy. 

Fin^ rather hazV. 

Hazy. 

Fina 

Thick fog. 

Cloudy. 

Thick fog. 

Fog. 

Fine. 

Clondy. 

Qoudy. 

R^. 

Clondy. 

Clouf^. 

Fine. 

Fine. 

Fine. 

Fine. 

Clondy. 

Cloudy. 

Cloudy. 

Rain. 

Hazy* 

Fine. 

Fine. 

Fine. 

Hazy. 

Fine. 

Fine. 

Fine. 
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MKTBOROLOGICAt JOURNAL 

for March, i8i4 



IhwwMter 

(xanKttd. 


1 * 9 ° 
J 0 

i 2 9 $0 

2 30 

Jf 3 9 0 

3 0 

U 4 9 ® 

3 0 

? 5 9 0 

3 0 
1b 6 9 0 


f 12 9 


% 13 90 

3 0 

Oh 90 
3 o' 

^ IS 90 

3 0 


29,627 30 

35 

*M 7 33 

28,938 37 

29,857 29 

29,883 38 

* 9*554 44 

29*587 48 
29,820 43 

29,801 5^ 

29,502 49 

29*495 52 
29,153 5 * 
29,197 52 
29,728 43 

29,649 48 

29,666 4* 

29 * 75 * 42 

30*044 38 
29,801 43 

29,520 42 

29450 4* 

29*333 39 

29,291 39 

29,750 38 

29*97* 44 

42 

30*025 45 



Si». Wbdi. 


ladiet. Fointt, jStrJ 


N 
N 
N 
W 
N 
N 
W 
W 
N 
W 
W 

45 1 0.020 1 SW 


52 

37 0.503 


43 0,170 NW 


2 Rain tnd snow. 

I fine, 

1 Fine, 

I Cloudy. 

1 

1 fine. 

1 Cloudy. 

2 Souilly; violent gusts of 

2 cloudy, [wind and rain. 

3 Gale of wind and rain. 

* Cloudy. 

I Fines somewhat hazy. 

I Qottdy. 

1 Cloudy. 

I Cloudy. 

1 Cloudy, Aickwathei. 
i Rain. 

I Fine. 


I Cloudy. 

1 Hail, with thunder. 


































MDCCCXXV. 


b 





C»o3 


METEOROLOGICAL JOURNAL 


for May, 182*. 
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September. 


METEOROLOGICAL JOURHAL 

for Septonber, iSs*. 



Bmoeu Tte«, D«» «< 
oomaal, wiitoii, DbM’. HfjKm, 


0590 


? 10 90 

3 0 


On 90 
3 0 


30,018 69 

* 9.995 *0 

30.015 75 

19,989 79 

29,966 69 

29,924 77 

29,877 68 

29,826 74 

29,768 07 

Z9496 64 

29,409 69 

29,508 67 

29488 66 

29,380 64 

29464 64 

29,667 60 

19,687 63 

i *9.7+7 58 

19,771 65, 

29,656 62 

29,698 64 

29,617 60 

29,705 64 

30,069 61 

30,090 66 

30,030 65 

30.016 67 

30,065 67 

3 o >097 7 « 



63 E byS I Fine, somewhat hazy. 

80 E'byS I Fine and clear. 

65 W 1 Cloudy and hazy. 

78 W I Cloudy, with some drops 0 

66 0.188 N 1 Cloudy. [rain 

75 W 2 Fine. 

57 W I Fine. 

56 S 2 Light rain. 

70 S 2 Fine. 

58J 0,101 SSE 2 Cloudy. 

68 SW 1 Cloudy and showery. 

58 0.720 W 2 Showery. 

65 W 1,2 Fine. 

52 0.125 ^ ^ Cloudy. 

71 W I Cloudy. 

54 W I Cloudy, 

66 S 1 Cloudy. 

56 0.430 S I Cloudy. 

68 W I Cloudy. 

58 0,227 WSW 3 Rain. 

05 W 1,2 Cloudy. 

52 0.040 W 2 Fine, but hazy. 

67 SW I Fine. 

57 S 2 Cloudy. 

67 $2 Fine, with thin clouds. 

64 W Cloudy. 

72 0.014 W Fine. 
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for November, 1894- 




i821 

Time. 

Barometer 
effected. V 

rhenn. ^ 

rithoat. 

i^ee of Moiattus 

DlBidl*s{jrF««’ 

Sis’s 

Thenn, 

Raio. 

msds 

itr. 

j.Wcitbefo 

NovemW. • 

H. M. 

laches. 

0 

0 

0 

Indies. 

?oiate. 

sw 

sw 

ssw 

sw 

sw 

ssw 

s 

E 

£ 

s 

wsw 

s 

SSE 

S&SSE 

SW 

W 

W 

W 

w 

w 

w 

E 

E 

N 

SW 

w 

w 

sw 

SSW 

I 


i i 6 

5 17 

18 

? 19 

}} 20 

0 ** 

d 1 

J 23 

5 24 

25 

$ 26 

lb 27 

G ’28 

« 29 

S 30 

000000000000000000000000000000 

O^».o^«,o.^o^-.o^~.o^^c^«o^^=^~>o^<oo<«,o^^o^^o^-o^^ 

30,246 

30 » 04 S 

29 » 78 S 

29,636 

29»354 

29,618 

29,764 

29,681 

J 9 - 45 ^ 

29,409 

29,402 

29,386 

29,409 

29 > 35 * 

28,531 

28,512 

28,989 

29,042 

29,305 

29,396 

,9378 

29,680 

*9.741 

29»783 

29,669 

29,124 

29,190 

* 9 .*S 5 

*9473 

* 9.»43 

40 

49 

5 * 

P 

58 

49 

49 

47 

49 

50 

52 

43 

47 

5 3 ^ 
SO 

47 

48 

44 

36 

40 

4 * 

43 . 

49 
52 

49 

46 

52 

— 

77 ' 

763 

822 

814 

823 

969 

9 ^ 

876 

940 

940 

962 

659 

880 

769 

777 

927 

809 

936 

857 

795 

785 

814 

850 

795 

804 

35 

49 

49 

52 

5 * 

46 

50 

44 

52 

47 

52 

4 * 

48 

45 

53 

45 

50 

48 

35 

40 

38 

44 

40 

52J 

47 

52 

4 * 

52* 

1 . 

0.220 

0.392 

0.253 

0.315 

0.165 

0.005 

0.198 

0.410 

2 

2 

2 

3 

1,2 

1 

2 

I 

1 

1 

3 

I 

1,2 

I 

1 

I 

1 

1 

2 

I 

I 

3 

3 oudy. 

Clou^r. 

Cloudy. 

lain. 

lain. 

Cloudy. 

lain. 

lain. 

Cloudy. 

Fine. 

Fine. 

Fine, 

Fine. 

Cloudy. 

A most violent gale. 

Fine. 

Fine. 

Cloudy aiul foggy. 

Cloudy. 

Foot- 

Cloudy. 

Cloudy and hazy. 

Cloudy. 

Cloudy and h^y. 

Glou^. 

Ciou^. 

Fine. 

Cloudy. 

Rain. 
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IBI 

’nine. 


tlKt*. 

irldvatt 

tkpmitWimm 

ftew* 

iMn. 


ImMHiii 




' ' X'^ 


mu 

QQ 

Isdwi, 

9 

9 

• 


« *7 

OB 

3 <V »30 

» 

971 

37 


\ l8 

3 0 

30^11 

43 

96* 

43 


9 0 

3 0 

yhtfo 

30 » 13 S 


» 

4 * 

4 * 

o.<^ 

0 19 

9 0 

30*078 



47 

aoio 


3 0 

3 o,OH 

51 


5 * 


c *0 

9 0 

39,409 

51 

•*> 

47 



3 0 

» 9 » 49 ! 

45 

77 « 

50 


S 31 

9 0 

* 94 »^ 

45 

706 

40 


3 0 

* 944 * 

5 * 

879 

5 * 


tf 32 

m 

IQ 


734 

46 

I* 


V 33 

m 

* 9*773 

34 

f 55 

34 

ais8 


M 

39,936 


J 4 i 

37 

0.160 

0^140 

t *4 

m 

*9477 

*9,601 

44 

44 

S ®5 

805 

33 

50 

% 35 

9 0 

*9*530 

5 * ! 

79 * 

4 * 


0 26 

3 0 

9 ® 


54 

43 

? 

54 

43 



3 0 

* 9*973 

45 

68* 

45 

\ 

i 37 

9 0 

* 9 * 9 i 6 

47 

f* 

39 



ID 

39,81* 

5 * 

8xs 

53 


t 38 

9 30 

*9,770 

50 

8*0 

49 

0.005 

if 39 

9 0 

30,061 

39 


39 

0.310 


3 0 

30,158 

39 

88* 

40 


i 30 

9 0 

30,143 


864 

35 

0.040 


S 0 

301I55 


840 

51 


? 31 

9 ® 

30**84 

' 4 « 

44 

0.008 


3 0 

30*1*7 

1 

i 

1 

880 

5 * 




W 


NNB 

N 

W 

w 

w 
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